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FOREWORD 


CATALOGING  - PREP, 


The  United  States  Department  of  Agriculture,  in  cooperation  with  the 
Massachusetts  Water  Resources  Commission,  is  participating  in  the  five- 
year  Massachusetts  Water  Resources  Study  of  the  water  and  related  land 
resources  of  the  Commonwealth.  One  phase  of  this  study  is  the  inventory- 
ing of  potential  and  existing  upstream  reservoir  sites. 

The  Commonwealth  of  Massachusetts,  through  the  Water  Resources  Commission, 
provides  guidance  and  a significant  financial  contribution  toward  this 
phase  of  the  Massachusetts  Water  Resources  Study.  The  Massachusetts  Water 
Resources  Commission,  to  fulfill  its  responsibilites  under  Chapter  620, 

Acts  of  1956  and  Chapter  767,  Acts  of  1970,  requires  technical  and  engi- 
neering data  and  information  on  potential  upstream  reservoir  sites.  The 
Department  of  Agriculture  is  participating  in  this  study  under  the  provi- 
sions of  Section  6 of  the  Watershed  Protection  and  Flood  Prevention  Act 
(Public  Law  566,  83rd  Congress,  as  amended)  which  authorizes  the  Secretary 
of  Agriculture  to  cooperate  with  other  federal,  state  and  local  agencies, 
in  surveys  and  investigations  of  the  watersheds  of  rivers  and  other  water- 
ways as  a basis  for  the  development  of  coordinated  programs. 

This  report,  prepared  by  the  Soil  Conservation  Service  and  submitted  by 
the  USDA  Field  Advisory  Committee  to  the  Water  Resources  Commission, 
identifies  and  inventories  potential  and  existing  upstream  reservoir 
sites  within  the  Chicopee  Study  Area.  The  identification  of  potential 
Public  Law  566  projects  was  not  a purpose  of  this  study.  No  attempt  was 
made  to  locate  or  evaluate  possible  PL  566  watersheds. 

The  Massachusetts  Water  Resources  Commission  will  use  this  report,  together 
with  other  reports  and  studies  prepared  by  the  United  States  Department  of 
Agriculture  and  others,  in  the  preparation  of  a comprehensive  plan  for  the 
Commonwealth's  water  and  land  resources. 


The  information  and  data  contained  herein  will  also  assist  local,  state 
and  federal  agencies  in  their  specific  planning  activities  for  the  coordi- 
nated and  orderly  conservation,  development,  utilization  and  management  of 
the  water  and  land  resources  to  meet  the  rapidly  expanding  needs. 
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INTRODUCTION 


This  report  presents  data  on  178  potential  and  82  existing  reservoir  sites 
in  the  Chicopee  Study  Area,  Franklin,  Hampden,  Hampshire  and  Worcester 
Counties,  Massachusetts. 


DESCRIPTION  OF  STUDY  AREA 


The  Chicopee  Study  Area  is  located  in  Central  Massachusetts  and  includes  all 
of  the  Chicopee  River  Watershed.  Major  tributary  streams  include  the  Swift, 
Quaboag,  and  Ware  Rivers.  The  Quabbin  Reservoir  is  located  within  the  Study 
Area. 

The  Study  Area  covers  about  467,000  acres  or  729  square  miles  and  is  divided 
into  nine  subwatersheds.  Portions  of  38  cities  and  towns  lie  within  the 
Study  Area. 


CRITERIA 

Potential  Reservoir  Sites 

The  primary  considerations  used  to  identify  potential  reservoir  sites  were: 
suitable  topography  for  a dam  and  reservoir,  sufficient  drainage  area  to 
maintain  the  proposed  reservoir  and  a relatively  undeveloped  pool  area. 
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The  following  criteria  were  used  as  a guide  in  site  selection: 

1.  Drainage  area  --  larger  than  one-half  square  mile,  but  not 

greater  than  50  square  miles, 

2.  Ratio  of  drainage  area  to  beneficial  pool  area  --  not  less  than 

10  to  1, 

3.  Minimum  beneficial  pool  depth  --  7 feet  at  the  darn, 

4.  Minimum  beneficial  pool  area  --  10  acres, 

5.  Minimum  beneficial  pool  capacity  --  100  acre  feet. 

6.  Maximum  beneficial  pool  capacity  --  storage  volume  equal  to  25 

inches  of  runoff  from  the  drainage  area. 

7.  Maximum  height  of  dam  --  100  feet. 

8.  Pool  area  relatively  undeveloped  --  no  housing  developments, 

industrial  areas,  or  major  highways  inundated. 


Existing  Reservoirs 


Existing  reservoirs  were  located  using  the  U.S.  Geological  Survey  (USGS) 
quadrangle  sheets.  Two  criteria  were  used  to  determine  sites  to  be  included 
in  this  report: 

1.  Surface  area  --  at  least  10  surface  acres  or  a pond  identified  by 

name  on  the  USGS  topographic  map. 

2.  Man-made  dam  --  Natural  ponds  and  beaver  dams  are  excluded. 


INVESTIGATIONS  AND  ANALYSES 
Potential  Reservoir  Sites 


Sites  were  located  using  the  latest  available  USGS  1\  minute  quadrangle  sheets. 
Natural  basins,  or  topography  favorable  for  storage  of  water,  and  an  economical 
location  for  an  embankment  were  the  primary  considerations  in  the  initial  site 
selection.  Watershed  boundaries  were  delineated  on  the  quadrangle  sheets  and 
the  drainage  area  was  determined  for  each  initial  site  selected.  Water  storage 
areas  and  volumes  available  upstream  of  the  site  centerline  were  calculated. 
Data  were  also  obtained  to  calculate  the  volume  of  earth  fill  required  for  the 
dam  and  any  supplementary  dikes  that  might  be  needed  to  contain  a reservoir. 
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At  each  site  a field  reconnaissance  was  made  that  included  an  inventory 
of  land  and  facilities  (man-made  structures)  that  would  be  affected  if  a 
dam  and  reservoir  were  developed  at  the  site.  If  it  was  determined  that 
the  reservoir  would  flood  extensive  man-made  facilities;  or  a study  of  the 
elevation-area-storage  data  showed  that  the  site  did  not  meet  criteria  for 
the  study,  the  site  was  dropped  from  further  consideration. 

A surficial  geologic  investigation  was  made  of  each  potential  site  to  deter- 
mine any  obvious  geologic  conditions  that  might  affect  the  site's  water- 
holding capability  or  require  extensive  foundation  preparation.  A pre- 
liminary geological  report  was  prepared  which  outlined  the  types  of  materials 
that  might  be  expected  at  the  site  and  their  effect  on  construction  costs 
and  waterholding  capabilities  for  the  site.  The  report  of  geologic  condi- 
tions was  based  on  the  geologist's  interpretation  following  the  surficial 
investigation  of  the  site  and  the  surrounding  area.  No  borings  were  made 
at  any  site  and  subsurface  conditions  may  vary  from  those  indicated  in 
this  report. 

Hydrologic  and  hydraulic  data  were  calculated  using  methods  developed  by 
the  Soil  Conservation  Service.  Rainfall  data  were  obtained  from  Technical 
Paper  40  and  49,  U. So  Department  of  Commerce,  Weather  Bureau.  Preliminary 
design  calculations  for  several  levels  of  development  for  each  site  were 
processed  by  electronic  computer,  using  a program  which  determines  the  most 
economical  type  of  principal  spillway;  determines  the  runoff  and  peak  flow 
for  the  100-year  frequency,  10-day  duration  principal  spillway  design  storm; 
routes  the  design  storm  to  set  the  emergency  spillway  crest;  performs  other 
routings  to  determine  the  design  high  water  and  top  of  dam  elevations; 
calculates  embankment  yardage  and  other  construction  quantities;  determines 
the  total  estimated  cost  of  the  reservoir;  and  calculates  "safe  yield"  for 
water  supply  purposes. 

Existing  Reservoirs 

An  inventory  was  made  of  82  existing  reservoirs  that  cover  at  least  ten 
acres  or  are  identified  by  name  on  the  USGS  quadrangle  sheet,  and  are  formed 
by  a man-made  dam.  The  reservoirs  were  located  using  the  USGS  quadrangle 
sheets.  An  engineer  made  a field  reconnaissance  to  determine  the  physical 
condition  of  each  structure  and  to  assess  the  potential  for  expansion  of  the 
reservoir.  While  at  the  site,  photographs  were  taken.  Selected  photographs 
are  included  in  this  report.  Ownership  and  use  information  for  the  reservoirs 
was  obtained  from  records  of  the  Massachusetts  Department  of  Public  Works  and 
from  local  interviews. 
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COSTS 


Preliminary  cost  estimates  for  potential  reservoir  sites  were  based  on 
costs  and  land  values  as  of  1971.  The  cost  estimates  include:  (1)  con- 
struction costs;  (2)  contingencies;  (3)  engineering  and  administrative 
services  necessary  for  surveys,  geology,  final  design,  and  construction 
inspection;  (4)  cost  for  land  required  for  the  reservoir  and  construction 
of  the  dam  and  spillway;  and  (5)  costs  associated  with  the  purchase  or 
relocation  of  man-made  facilities  affected  by  the  constructed  reservoir. 

Construction  costs  were  based  on  recent  dam  construction  contract  costs  in 
Massachusetts.  A factor  for  contingencies,  equal  to  157o  to  357.  of  the 
construction  cost,  was  included  to  account  for  items  that  were  not  considered 
at  this  intensity  of  study.  Engineering  and  administrative  services  ranged 
from  207,  to  407,  of  the  construction  cost. 

Costs  for  land  acquisition  were  based  on  an  evaluation  of  current  re&l 
estate  transactions  and  market  conditions.  Land  with  potential  for  develop- 
ment was  valued  at  from  $1,000  to  $10,000  per  acre;  land  with  little  develop- 
ment potential  was  valued  at  from  $200  to  $500  per  acre.  Land  values  also 
varied  from  site  to  site  based  on  the  proximity  to  developed  areas  and  high- 
ways; development  taking  place  in  the  area;  and  suitability  for  development. 
Land  needed  for  the  dam,  spillway  and  design  high  water  pool  was  included  in 
the  land  acquisition  cost. 

Cost  estimates  are  presented  on  the  basis  of  a cost  per  acre-foot  of  storage 
and  cost  per  surface  acre  to  provide  a comparison  between  different  sites 
and  different  levels  of  development  at  the  same  site.  Costs  are  based  on 
preliminary  estimates;  firm  cost  estimates  for  any  site  can  be  determined  only 
after  completion  of  detailed  geological  and  engineering  investigations,  final 
structural  designs,  and  land  appraisals. 

No  cost  estimates  are  included  for  existing  reservoirs. 


REPORT  CONTENTS 


This  report  is  divided  into  sections  based  on  the  nine  subwatersheds  in  the 
Chicopee  Study  Area,  A location  map,  placed  after  the  Table  of  Contents, 
outlines  the  area  covered  by  each  subwatershed.  To  aid  local  residents  in 
determining  which  sites  are  located  in  their  city  or  town,  the  Municipal 
Index  of  Sites  lists  the  site  identification  numbers  for  potential  and  existing 
reservoir  sites  within  each  municipality  and  the  page  number  of  this  report 
on  which  data  are  recorded. 

Each  subwatershed  section  provides  Site  Data  for  the  potential  and  existing 
reservoir  sites  located, within  the  subwatershed,  which  are  included  in  this 
report. 
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Potential  Reservoir  Sites 


These  site  data  include  a Ii.pcation  paragraph  which  contains  a narrative 
description  of  the  location  of  the  site  in  reference  to  nearby  roads,  rail- 
roads, or  other  physical  landmarks.  In  addition,  the  latitude,  longitude 
and  USGS  quadrangle  sheet  name  are  provided  to  enable  more  accurate  location. 

Man-made  facilities  that  would  be  flooded  by  a reservoir  at  the  potential 
site  are  presented  in  the  Facilities  Affected  paragraph  of  the  site  data. 

The  elevation  of  existing  facilities  was  estimated  during  the  engineer's 
field  reconnaissance  with  the  aid  of  the  USGS  quadrangle  sheets. 

A summary  of  the  preliminary  geologic  report  is  contained  in  the  Geologic 
Conditions  paragraph.  The  material  in  the  abutments  (the  valley  sides) 
and  the  foundation  (the  valley  floor)  is  described.  An  estimate  is  made  of 
the  depth  to  bedrock  and  the  probable  type  of  rock.  The  availability  of 
fill  material  which  would  be  used  in  the  dam  construction  is  noted. 


Possible  leakage  problems  are  indicated  and  the  waterholding  capability  of 
the  site  is  subjectively  described’!  as  "good,"  "fair,"  or  "poor."  The  water- 
holding capability  statement  is  based  on  the  geologist's  interpretation  of 
the  surficial  conditions  he  has  observed  during  the  field  reconnaissance. 


Engineering  Notes  provide  information  which  should  be  helpful  in  preliminary 
design  of  a dam.  One  of  the  abutments  is  recommended  as  the  location  for  an 
excavated  emergency  spillway.  The  excavated  spillway  might  be  in  earth  or 
rock  cut  --  depending  upon  the  depth  to  bedrock  in  the  abutment.  If  an 
excavated  emergency  spillway  is  unable  to  carry  the  required  flows  at  safe 
velocity,  the  need  for  a concrete  emergency  spillway  is  noted.  If  water- 
holding capability  can  be  significantly  improved  with  a practical  cutoff 
through  pervious  abutment  or  foundation  material,  this  fact  is  also  noted. 

When  it  is  known  that  some  portion  of  a reservoir  site  is  located  on  land 
owned  by  a governmental  or  quasi-public  unit,  the  information  is  presented 
in  a Public  Ownership  paragraph. 

Sites  which  meet  study  criteria  have  been  analyzed  using  a computer  program 
which  develops  preliminary  structure  designs  for  several  levels  of  beneficial 
pool.  Results  of  the  computer  program  are  presented  in  the  tables  entitled 
Summary  Data  for  Potential  Upstream  Reservoir  Sites  at  the  end  pf  each  sub- 
watershed section.  Two  information  lines  contain  data  on  site  drainage  area, 
USGS  quadrangle  name  on  which  the  site  is  located,  latitude  and  longitude  of 
the  site,  site  rating,  stream  water  quality,  and  principal  spillway  design 
storm  runoff  and  peak  flow.  The  site  rating  is  based  on  geologic  conditions 
and  the  expected  waterholding  capability.  Sites  are  given  one  of  the  following 
ratings ; 


-6- 


1.  Suitable  for  deep  permanent  storage  (over  10  feet  in  depth). 

2.  Best  suited  for  shallow  water  storage  (3  to  5 foot  maximum  depth). 

3.  Best  suited  for  temporary  storage  (e.g.,  floodwater  and  sediment 
storage) . 


In  order  to  furnish  the  most  data  for  each  potential  reservoir  site,  each 
site  was  considered  to  be  suitable  for  deep  permanent  storage  (rating  "1") 
for  purposes  of  design  and  analyses.  The  rating  for  any  site  could  change 
based  on  detailed  geologic  investigations. 


Stream  water  quality  ratings  are  based  on  classifications  assigned  by  the 
Division  of  Water  Pollution  Control,  Massachusetts  Water  Resources  Commission, 
and  published  in  Water  Quality  Standard,  June  1967  and  are  as  follows: 


"Class  A -- 


"Class  B -- 


"Class  C -- 


"Class  D -- 


Waters  designated  for  use  as  public  water  supply  in  accordance 
with  Chapter  111  of  the  General  Laws.  Character  uniformly 
excellent. 

Suitable  for  bathing  and  recreational  purpose  including  water 
contact  sports.  Acceptable  for  public  water  supply  with 
appropriate  treatment. 

Suitable  for  agricultural,  and  certain  industrial  cooling  and 
process  uses;  excellent  fish  and  wildlife  habitat;  excellent 
aesthetic  value. 

Suitable  for  recreational  boating;  habitat  for  wildlife  and 
common  food  and  game  fishes  indigenous  to  the  region;  certain 
industrial  cooling  and  process  uses;  under  some  conditions 
acceptable  for  public  water  supply  with  appropriate  treatment. 
Suitable  for  irrigation  of  crops  used  for  consumption  after 
cooking.  Good  aesthetic  value. 

Suitable  for  aesthetic  enjoyment,  power,  navigation,  and  cer- 
tain industrial  codling  and  process  uses.  Class  "D"  waters' will 
be  assigned  only  where  a higher  water  use  class  cannot  be 
attained  after  all  appropriate  waste  treatment  methods  are 
utilized. " 


The  Summary  Data  for  Potential  Upstream  Reservoir  Sites  tables  also  contain 
data  for  as  many  as  six  possible  levels  of  development  at  each  site.  Ele- 
vations of  the  beneficial  pool,  emergency  spillway  crest,  design  high  water, 
and  top  of  dam  are  shown  along  with  pertinent  storage  volumes,  surface  areas 
and  depths.  Total  cost  expressed  in  dollars  per  acre  foot  of  storage  and 
dollars  per  surface  acre  are  provided  to  aid  in  comparison  of  levels  of 
development.  The  emergency  spillway  type  which  was  used  in  the  preliminary 
design  is  indicated  by  an  emergency  spillway  type  code  explained  in  the 
table  notes. 
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These  tables  are  photo-reductions  of  the  computer  output  sheets.  Elevations 
are  shown  to  the  tenth  of  a foot  and  costs  to  the  nearest  $10,  but  are  not 
to  be  considered  that  accurate  because  of  the  limited  investigations  made 
with  preliminary  data.  All  the  Summary  Data  Tables  are  based  on  preliminary 
reconnaissance- type  investigations  and  computer-produced  structure  designs. 
Additional  detailed  engineering,  geologic  and  desigi  investigations  must  be 
made  before  final  site  selection,  land  acquisition  and  final  design  would 
be  practical. 

Estimated  safe  yield  for  each  potential  reservoir  are  also  shown  on  the 
tables  and  were  based  on  information  uakt^ap'ol&ted  -frroml  data"  d-eveloped  .by 
Professor  G.  R,  Higgins,  Civil  Engineering  Department,  University  of 
Massachusetts.  These  estimated  safe  yields  are  based  on  a 9570  chance,  or 
the  minimum  yield  that  could  be  expected  19  years  out  of  20  --  taking  into 
consideration  reservoir  storage-volume  and  expected  runoff.  These  data  do 
not  consider  evaporation,  seepage,  or  prior  upstream  usage  losses. 

The  Committee  on  Rainfall  and  Yield  of  Drainage  Areas  of  the  New  England 
Water  Work  Association  has  recommended  a figure  of  600,000  gallons  per  day 
per  square  mile  as  a maximum  economically  feasible  safe  yield.  Data  for 
some  of  the  potential  sites  in  this  report  show  a safe  yield  above  600,000 
gallons  per  square  mile  per  day;  these  higher  values  are  useful  to  define 
the  upper  portion  of  a discharge-storage  curve  for  preliminary  analysis. 

For  detailed  evaluation  of  a potential  site  or  water  supply  purposes,  the 
recommendation  of  the  New  England  Water  Works  Association  should  be  consi- 
dered. 

Existing  Reservoirs 

Site  data  for  existing  reservoir  sites  are  presented  in  a different  format 
from  the  potential  reservoir  site  data: 

Location  is  indicated  by  reference  to  nearby  roads,  railroads  or  other  phy- 
sical landmarks.  The  appropriate  USGS  quadrangle  sheet  is  indicated. 

Physical  data  (surface  area,  height  of  dam,  and  drainage  area)  were  estimated 
from  the  quadrangdte  sheet  and  by  field  reconnaissance. 

Potential  for  Expansion  of  the  existing  reservoir  is  estimated  and  any  major 
man-made  facilities  which  would  be  affected  by  an  enlarged  reservoir  are 
noted.  In  some  instances,  the  drainage  area  of  the  reservoir  does  not  meet 
the  criteria  requiring  a 10  to  1 drainage  area  to  pool  area  ratio,  below 
which  there  may  be  relatively  high  evaporation  losses.  An  increase  in 
reservoir  surface  area  might  increase  evaporation  losses  to  a point  where 
the  reservoir  could  not  be  maintained  during  the  summer  months.  These  situa- 
tions are  indicated  by  the  statement  "Small  drainage  area  may  limit  further 
expansion. " 
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A description  of  the  dam  and  spillway  system  is  included  in  Remarks  para- 
graph. Construction  materials,  spillway  type  and  si2e,  and  condition  of 
the  structures  are  noted. 

Ownership  and  Use  of  the  reservoir  is  indicated,  if  available. 

Some  existing  reservoirs  that  did  not  meet  the  study  criteria  (10  acre 
minimum  surface  area  and  a man-made  dam)  have  been  included  in  the  report 
to  present  the  information  that  may  have  been  obtained. 


MAPS 


Individual  subwatershed  maps  appear  at  the  end  of  each  section  which  indi- 
cate the  location  of  the  potential  and  existing  reservoir  sites  in  that 
subwatershed.  The  maps  are  reductions  of  mosaics  prepared  from  minute 
USGS  quadrangle  sheets  (1M  = 2000'  scale).  The  quadrangle  sheets  used  and 
published  dates  are  listed  on  the  maps.  Potential  sites  that  met  study 
criteria  and  which  have  information  in  the  tables  are  indicated  with  a red 
rectangle  surrounding  the  site  number.  The  maximum  beneficial  pool  (from 
the  Summary  Data  for  Potential  Upstream  Reservoir  Sites  Table)  is  indicated 
by  a blue  large-wave  pattern.  The  drainage  area  for  each  of  these  sites  is 
indicated  by  green  shading.  Potential  sites  in  subwatershed  CP-27,  which 
are  located  on  land  owned  or  controlled  by  the  Metropolitan  District  Commission, 
are  indicated  only  by  the  red  rectangle  surrounding  the  site  number. 

Existing  reservoir  sites  are  identified  by  a red  circle  surrounding  the  site 
number  and  a blue  small-wave  pattern.”  over  the  existing  surface  area. 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 


Subwatershed  CP- 27,  Quabbin  Reservoir 


This  subwatershed  covers  about  119,800  acres  in  the  Towns  of  New  Salem,  Orange, 
Shutesbury  and  Wendell  (Franklin  County),  Belchertown,  Pelham  and  Ware  (Hampshire 
County),  and  Athol,  Barre,  Hardwick,  Petersham  and  Phillipston  (Worcester  County). 
A large  portion  of  the  subwatershed  is  owned  or  controlled  by  the  Metropolitan 
District  Commission  (M.D.C.) 

The  principal  feature  of  this  subwatershed  is  Quabbin  Reservoir,  a 24,700  acre 
water  supply  reservoir  serving  primarily  the  metropolitan  Boston  area. 

Major  tributaries  to  Quabbin  Reservoir  are  the  Swift  River  and  its  East  and  West 
Branches.  The  Swift  River  originates  in  Wendell  and  flows  northeasterly,  then 
southeasterly  through  New  Salem  to  Quabbin  Reservoir.  The  West  Branch  of  the 
Swift  River  originates  in  Wendell  and  flows  south  through  Shutesbury  to  Quabbin 
Reservoir.  The  East  Branch  originates  in  Phillipston  and  flows  southwesterly 
through  Petersham  to  Quabbin  Reservoir.  Elevations  range  from  a high  of  about 
1,380  feet  in  Phillipston  to  about  520  feet  at  Quabbin  Reservoir.  Geology  of  the 
area  is  characterized  as  gneiss  bedrock  overlain  by  10  to  25  feet  of  glacial  till 
or  englacial  drifts. 

Thirteen  potential  reservoir  sites  and  seven  existing  reservoirs  were  studied  in 
detail.  Twenty-eight  potential  reservoir  sites  were  located  on  land  owned  or 
controlled  by  the  M.D.C..  No  further  investigations  were  made  at  these  sites 
since  it  was  considered  unlikely  that  they  would  ever  be  developed  as  reservoirs. 
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SITE  CP-2710 


Location:  On  Bigelow  Brook  about  2,100  feet  downstream  from  Lincoln  Road 

in  Phillipston,  Mass. 


Athol,  Mass.  USGS  quadrangle 

Latitude:  42°32'22"  Longitude:  72°10'00" 


Facilities  Facility  Elevation 

Affected:  Lincoln  Road  1120 

Barn  1120 

Telephone  cable  1120 

Utility  poles  1120 


Geologic  Both  abutments  are  thin  discontinuous  outcrops  of  glacial  till  with 

Conditions:  many  large  boulders  and  shallow  to  bedrock.  The  bedrock  is  slightly 

jointed  in  outcrops.  Depth  to  bedrock  in  the  foundation  is  estimated 
to  be  from  10-15  feet.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  near  the  site. 


Engineering 
Notes : 


The  left  abutment  is  recommended  for  the  emergency  spillway  location. 
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Location  : 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 

Notes? 


Location: 


Facilities 
Affected : 

Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-2711 

On  Popple  Camp  Brook  about  1,400  feet  downstream  from  Lincoln  Road 
in  Phillipston,  Mass. 

Athol,  Mass.  USGS  quadrangle 

Latitude:  42°32'26"  Longitude:  72°09'15" 

Facility  Elevation 

Utility  poles  1005 

Lincoln  Road  975 

Both  abutments  are  thin  discontinuous  outcrops  of  glacial  till 
underlain  by  gneiss  bedrock.  The  bedrock  is  slightly  jointed  in 
outcrops.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  10  to  15  feet.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  near  the  site. 

The  left  abutment  is  recommended  for  the  emergency  spillway  loca- 
tion. 
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SITE  CP-2712 

On  Shattuck  Brook  about  50  feet  upstream  from  Petersham  Road  in 
Phillipston,  Mass. 

Athol,  Mass.  USGS  quadrangle 

Latitude:  42°31’56"  Longitude:  72°08’17" 

None  below  elevation  1090. 


Both  abutments  are  glacial  till  with  many  large  boulders.  The 
surficial  deposits  are  swamp  and  gneiss  bedrock.  The  bedrock  is 
slightly  fractured  in  outcrops.  Depth  to  bedrock  in  the  founda- 
tion is  estimated  to  be  from  5 to  10  feet.  The  foundation  is  about 
407o  covered  with  large  boulders.  Waterholding  capabilities  appear 
to  be  good.  Borrow  material  for  dam  construction  was  located  near 
the  site. 

The  emergency  spillway  should  be  located  on  the  abutment  requiring 
the  lesser  amount  of  rock  excavation. 
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SITE  CP  -2713 

Location: 

On  Stony  Brook  about  2000  feet  upstream  from  Popple  Camp  Road  in 
Petersham,  Mass. 

Athol,  Mass.  USGS  quadrangle 

Latitude:  42°30,49"  Longitude:  72°10,15" 

Facilities 

Affected: 

None  below  elevation  1070. 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  underlain  by  gneiss  or  schist 
bedrock.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  15  to  20  feet.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  near  the  site. 

Engineering ' 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  There  is  a rock  and  earth  fill  dam  with  a deteriorating 
concrete  shell  at  the  site. 

SITE  CP-2714 

Location: 

On  the  East  Branch  of  the  Swift  River  about  100  feet  upstream 
from  Popple  Camp  Road  in  Petersham,  Mass. 

Athol,  Mass.  USGS  quadrangle 

Latitude:  42°30’45"  Longitude:  72°09'18" 

Facilities  A 
Affected: 

■ None  Ibelow  elevation  970. 

Geologic 
Conditions : 

Both  abutments  are  thin  englacial  drift  underlain  by  gneiss  bed- 
rock. The  bedrock  is  moderately  jointed  in  outcrops.  Depth  to 
bedrock  in  the  foundation  is  estimated  to  be  from  15  to  20  feet. 
Waterholding  capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  emergency  spillway  should  be  located  on  the  abutment  requiring 
the  lesser  amount  of  rock  excavation. 
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SITE  CP-2715 

Location: 

On  the  East  Branch  of  the  Swift  River  about  3300  feet  downstream 
from  Popple  Camp  Road  in  Petersham,  Mass. 

Athol,  Mass.  USGS  quadrangle 

Latitude:  42°30'18"  Longitude:  72°09'38" 

Facilities 

Affected: 

Facility  Elevation 

Popple  Camp  Road  925 

Utility  poles  925 

Geologic 
Conditions : 

The  left  abutment  is  thin  discontinuous  outcrops  of  glacial  till 
underlain  by  gneiss  bedrock.  The  right  abutment  is  glacial  till. 
The  bedrock  is  slightly  jointed  in  outcrops.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  15  to  20  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  construc- 
tion was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-2716 

Location : 

on  Moccasin  Brook  about  5000  feet  downstream  from  Narrow  Lane  in 
Phillipston,  Mass. 

Athol,  Mass.  USGS  quadrangle 

Latitude:  42°30'28M  Longitude:  72°07’43M 

Facilities 
Affected : 

None  below  elevation  1080. 

Geologic 
Conditions : 

Both  abutments  are  englacial  drift.  Surficial  deposits  are  swamp 
and  englacial  drift.  Depth  to  bedrock  in  the  foundation  is  esti- 
mated to  be  from  15  to  20  feet.  Waterholding  capabilities  appear 
to  be  fair  to  good.  Slight  leakage  is  expected  in  both  abutments 
and  the  foundation.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

The  site  is  within  the  Phillipston  Wildlife  Management  Area  owned 
by  the  Massachusetts  Division  of  Fisheries  and  Game. 

VfVwVVc'/VV'VnWc**VcVcVfVfVx“>VV'V(-/WfVwV*‘VVcVrVoVVf*/V**V'Vx'V'*VwV/VVrVoVVc,/V 

-13- 


SITE  CP-2717 

Location: 

On  the  Swift  River  about  450  feet  upstream  from  East  Street  (at 
Brown  Pond)  in  Petersham,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42°29’36"  Longitude:  72°09'59" 

Facilities 

Affected: 

Facility  Elevation 

Shaw  Road  850 

Utility  poles  850 

Geologic 
Conditions : 

The  right  abutment  is  glacial  till  above  Shaw  Road  and  ice-contact 
sand  and  gravel  at  the  toe  of  the  abutment.  The  left  abutment  is 
glacial  till  with  many  large  boulders.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  20  to  25  feet.  Waterholding 
capabilities  appear  to  be  fair.  Leakage  is  expected  through  the 
sand  and  gravel  on  the  right  abutment.  Borrow  material  for  dam 
construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway  loca- 
tion. Waterholding  capabilities  might  be  improved  by  a cutoff 
through  the  sand  and  gravel  at  the  toe  of  the  right  abutment. 

SITE  CP-2718 

Location: 

On  Moccasin  Brook  about  3500  feet  upstream  from  East  Street  in 
Petersham,  Mass. 

Petersham,  Mass.  USGS  quadrangle 
Latitude:  42°29'38"  Longitude:  72°07'50M 

Facilities 
Affected : 

Facility  Elevation 

Glashene  Road  1060 

Underground  telephone  cable  1055 

Cabin  1045 

Geologic 
Conditions : 

Both  abutments  are  thin  glacial  till  underlain  by  gneiss  bedrock. 
Surficial  deposits  are  swamp  and  glacial  till.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  25  to  35  feet.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for  dam 
construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

The  site  is  immediately  adjacent  to  the  Phillipston  Wildlife 
Management  Area  owned  by  the  Massachusetts  Division  of  Fisheries 
and  Game. 
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SITE  CP-2719 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 

Geologic 
Conditions : 


Engineering 
Notes : 


On  Moccasin  Brook  about  1200  feet  upstream  from  Quaker  Drive  in 
Petersham,  Mass. 

Petersham,  Mass.  USGS  quadrangle 
Latitude:  42°29'09"  Longitude:  72°08'54" 


Facility  Elevation 

Giashene  Road  970 

East  Street  970 

2 houses,  garage  970 

Utility  poles,  telephone  cable  948 


Both  abutments  are  glacial  till.  Surficial  deposits  are  glacial 
till  and  granitic  bedrock.  The  bedrock  is  slightly  jointed  in 
outcrops.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
at  the  surface  with  a thin  cobble  cover.  Waterholding  capabilities 
appear  to  be  good.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

The  left  abutment  is  recommended  for  the  emergency  spillway  location. 

SITE  CP-2720 


On  Moccasin  Brook  about  1300  feet  upstream  from  Quaker  Drive  in 
Petersham,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42°28'26"  Longitude:  72°09'42" 

Facility  Elevation 

Quaker  Drive  845 

The  right  abutment  is  terrace  sand  and  gravel  at  the  toe  and  bed- 
rock on  the  slope.  The  left  abutment  is  terrace  sand  and  gravel 
possibly  underlain  by  glacial  till.  The  bedrock  is  slightly  jointed 
in  outcrops.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  10  to  15  feet.  Waterholding  capabilities  appear  to  be  fair. 
Leakage  is  expected  through  the  gravel  on  both  abutments.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site.  Waterholding  capabilities 
might  be  improved  by  a cutoff  through  the  gravel  on  the  abutments. 
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SITE  CP-2721 

Location: 

On  Rutland  Brook  about  1600  feet  upstream  from  Connor  Pond  in 
Petersham,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42°28'04"  Longitude:  72°09'19" 

Facilities 
Affected : 

None  below  elevation  870. 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  Bedrock  may  outcrop  high  on  the 
left  abutment.  There  are  many  boulders  in  the  foundation  area. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  5 to 
10  feet.  Waterholding  capabilities  appear  to  be  good.  Borrow 
material  for  dam  construction  was  not  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

VoVvWfVfVfV'VrVfVfVrVcVcVcV'VfVoVVfVfVf /WoV/'fVf/VVfVc'vVVfVf/’oV 

SITE  CP-2722 

Location: 

On  Rutland  Brook  about  4050  feet  downstream  from  Mill  Road  in 
Petersham,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42°28'07"  Longitude:  72°08'07" 

Facilities 
Affected : 

None  below  elevation  1005. 

Geologic 
Conditions : 

The  left  abutment  is  thin  discontinuous  outcrops  of  silty  sand  with 
cobbles  and  boulders.  The  right  abutment  is  outwash  sand  and 
gravel  on  the  low  terrace  and  glacial  till  and  bedrock  on  the  steep 
portion.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  25  to  30  feet.  Waterholding  capabilities  appear  to  be  fair. 
Some  leakage  is  expected  through  the  sand  and  gravel  on  the  left 
abutment.  Borrow  material  for  dam  construction  was  located  near 
the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway  loca- 
tion. Waterholding  capabilities  might  be  improved  by  a cutoff 
through  the  sand  and  gravel  on  the  right  abutment.  If  the  site  is 
developed  to  elevation  .1000,  a dike  will  be  required  northeast  of 
the  dam. 
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SITE  CP-2717  (Brown's  Pond) 


Location: 


Surface 

Elevation 

849 


On  the  East  Branch  of  the  Swift  River  near  the 
intersection  of  Shaw  Road  and  East  Street  in 
Petersham,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

15  12  4600  7.2 


Potential  Please  refer  to  Site  Data  and  Design  Summary  Table 

for  for  Potential  Site  CP-2717  for  details. 

Expansion. 


Remarks : 


Ownership 

and 

Use: 


The  dam  is  a 100  foot  long  field-stone  masonry 
structure.  The  spillway  is  a weir,  33  feet  long 
and  2 feet  deep.  There  are  two  gated  outlets  to 
drain  the  pond.  There  is  leakage  through  the  dam. 
The  downstream  slope  of  the  left  abutment  contains 
rock  remnants  from  an  old  dam. 

The  site  is  owned  by  Martha  B.W.  Day  and  is  used 
primarily  for  recreation. 
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Location: 


Surface 

Elevation 

592 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


SITE  CP-2750  (Lake  Mattawa) 


At  the  head  of  the  Middle  Branch  of  the  Swift 
River  in  Orange,  Mass. 

Orange,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.Mi.) 

115  9 1100  1.7 

Limited;  houses  and  cottages  line  the  entire  shore. 

The  relatively  small  drainage  area  also  limits  the 
potential  for  expansion. 

The  dam  is  a 300  foot  long  earth-fill  structure  with 
a 10  foot  top  width.  The  dam  is  located  at  the  south 
end  of  the  lake.  The  upstream  slope  is  riprapped;  the 
downstream  slope  is  grassed.  The  principal  spillway 
is  a rock  masonry  weir,  15  feet  long  and  4 feet  deep. 
There  is  also  a controlled  outlet  at  the  north  end  of 
the  lake.  The  masonry  weir  shows  signs  of  crumbling. 
The  rock  apron  of  the  outlet  channel  has  partially 
eroded. 

The  site  is  owned  by  the  Town  of  Orange,  Fire  District, 
and  is  used  primarily  for  recreation. 
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Location: 


Surface 

Elevation 

786 


Potential 

for 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


SITE  CP-2751 
(Carter  Pond) 


On  Silver  Brook  near  Carter  Pond  Road  in  Petersham, 
Mass . 


Petersham,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

45 


Height  of 
Dam  (Ft . ) 
10 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
1300  2.0 


It  appears  that  the  surface  area  could  be  nearly- 
doubled.  A much  larger  dam  and  two  auxiliary  dikes 
would  be  required. 


The  dam  is  a 165  foot  long  rock  and  earth-fill 
structure  with  a 9 foot  top  width.  The  principal 
spillway  is  a 4.5  foot  wide  weir  fitted  with  boards 
for  water  level  control.  There  is  also  a gate  for 
draining  the  pond.  The  emergency  spillway,  located 
on  the  right  abutment  is  20  feet  long  and  11  feet  wide 
There  is  slight  leakage  through  the  principal  spillway 
section  and  the  concrete  in  the  wingwalls  is  spalling. 
There  is  brush  growing  on  the  downstream  slope. 


The  site  is  owned  by  J.A.  Carter  and  is  used  for 
fishing  and  recreation. 
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SITE  CP-2752  (Connor  Pond) 


Location: 


Surface 

Elevation 

732 

Potential 

for 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


On  the  East  Branch  of  the  Swift  River  near  Route 
32  in  Petersham,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

25  10  7850  12.3 

It  appears  that  the  surface  area  could  be  nearly- 
tripled.  If  the  present  dam  site  was  utilized, 

Route  32  and  a house  would  be  affected.  If  the 
dam  was  moved  about  1000  feet  upstream,  no  facilities 
would  be  affected. 

The  dam  is  a 105  foot  long  concrete  drop  structure 
with  4~foot  high  flashboards  to  control  water  level. 
Concrete  in  the  right  abutment  is  cracking. 

The  site  is  owned  by  the  Swift  River  Valley  Trust  and 
is  used  primarily  for  recreation. 
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SITE  CP-2753  (Gaston  Pond) 


Location: 


Surface 

Elevation 

1066 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  Rutland  Brook  at  Mill  Road  in  Barre,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

15  13  450  0.7 

The  relatively  small  drainage  area  limits  the 
potential  for  expansion. 

The  dam  is  a part  of  the  Mill  Road  highway  embankment. 
It  is  200  feet  long  with  a 28  foot  top  width.  The  dam 
has  stone  facing  on  the  upstream  side.  The  spillway 
is  a round  crested  concrete  weir,  10  feet  long  and 
3.5  feet  deep.  Both  slopes  of  the  dam  have  trees  and 
brush  growing  on  them. 

The  site  is  owned  by  the  Blessed  Sacrament  Seminary  in 
Barre  and  is  used  primarily  for  recreation. 
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SITE  CP-2754  (Quabbin  Reservoir) 

Location: 

On  the  Swift  River  near  Route  9 in  Belchertown,  Mass 
Winsor  Dam,  Mass.  USGS  quadrangle 

Surface 

Elevation 

524 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

24,705  170  119,000  185.9 

Potential 

for 

Expansion: 

The  site  appears  to  be  developed  to  its  potential. 

Remarks : 

Winsor  Dam  is  a 2640  foot  long  earth-fill  structure 
with  a 35  foot  top  width.  The  upstream  slope  is  rip 
rapped;  the  downstream  slope  is  grassed.  Water  is 
delivered  to  communities  by  means  of  the  Quabbin 
Aqueduct.  The  total  storage  capacity  of  the  Quabbin 
Reservoir  is  1,265,000  acre-feet.  Goodnough  Dike,  a 
2140  foot  long  earth-fill  dam  located  to  the  east  of 
Winsor  Dam  is  used  to  maintain  the  reservoir  level. 
Both  structures  are  well  maintained. 

Ownership 
and 
Use : 

The  site  is  owned  by  the  Metropolitan  District 
Commission  and  is  used  as  a water  supply  reservoir 
and  for  regulated  fishing. 
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QUABBIN  RESERVOIR  (CP- 2 7) 

CHICOPEE  STUDY  AREA 

MASSACHUSETTS 

EXISTING  AND  POTENTIAL  RESERVOIR  SITES 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 


LEGEND 


—WATERSHED  BOUNDARY 


, DRAINAGE  AREA 

ABOVE  STRUCTURE 


I POTENTIAL  SITE  SHOWING 
BENEFICIAL  POOL  FOR 
LARGEST  STRUCTURE 

• EXISTING  POND  OR  RESERVOIR 

POTENTIAL  SITE  LOCATED  ON 

I LAND  OWNED  BY  THE  METROPOLITAN 
DISTRICT  COMMISSION  (MDC).  NO 
ADDITIONAL  DATA  PROVIDED  FOR 
THESE  SITES. 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 


Subwatershed  CP-28,  Swift  River 

This  subwatershed  covers  about  29,300  acres  in  the  Towns  of  Ludlow,  Palmer, 
and  Wilbraham  (Hampden  County)  and  Belchertown,  Granby,  Pelham  and  Ware 
(Hampshire  County).  There  is  a U,S0  Geological  Survey  Stream  gaging  station 
on  the  Swift  River  at  West  Ware. 


The  Swift  River  flows  southerly  from  Quabbin  Reservoir  along  the  Belcher town- 
Ware  and  Belchertown-Palmer  town  boundaries  to  its  confluence  with  the  Ware 
River.  The  Ware  and  Chicopee  Rivers  flow  westerly  through  the  southern  tip 
of  the  subwatershed.  Jabish  Brook,  the  principal  tributary  to  the  Swift  River 
originates  in  Pelham  and  flows  southerly  to  the  Swift  River  in  Belchertown. 
Elevations  range  from  a high  of  about  1240  feet  in  Pelham  to  about  270  feet  in 
Ludlow.  Geology  of  the  subwatershed  is  characterized  by  granitic  bedrock  over 
lain  by  10  to  50  feet  of  glacial  till  or  outwash  sand  and  gravel. 


Twelve  potential  reservoir  sites  and  six  existing  reservoirs  were  studied. 


Location: 


SITE  CP-2801 


On  an  unnamed  brook  about  3200  feet  upstream  from  Knights  Pond 
in  Pelham,  Mass. 


Belchertown,  Mass.  USGS  quadrangle 
Latitude:  42°21'42"  Longitude:  72°24'17” 


Facilities  None  below  elevation  1040. 
Affected: 


Geologic 
Conditions : 


Both  abutments  are  englacial  drift  or  glacial  till  underlain  by 
granitic  bedrock.  The  bedrock  is  moderately  fractured  in  out- 
crops. There  are  bedrock  outcrops  in  the  east  brook  and  bedrock 
is  estimated  to  be  from  10  to  15  feet  deep  in  the  west  brook. 
Waterholding  capabilities  appear  to  be  good.  Borrow  material 
for  dam  construction  was  located  near  the  site. 


Engineering 
Notes : 


The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  1035,  two  dikes 
will  be  needed  south  of  the  reservoir.  There  is  evidence  of  an 
old  breached  dam  at  the  site. 


Public  The  majority  of  the  reservoir  site  lies  within  the  Caldwell  Memorial 

Ownership:  Forest. 


IrkisieieMcMeic&ieieJck&frjcirie&'kJefokJe&irMrfrk'ft 
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SITE  CP-2802 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Public 
Ownership : 


Location: 


Facilities 

Affected: 


On  Jabish  Brook  about  6400  feet  downstream  from  Knights  Pond  in 
Belchertown,  Mass. 

Belchertown,  Mass.  USGS  quadrangle 

Latitude:  42°20,10"  Longitude:  72°24'01" 


Facility  Elevation 

2 houses,  barn,  cabin  930 

Knights  Pond  928 

House  925 

Cemetary  920 

Knight  Street  918 

Cabin  918 

Cabin  and  garage  915 

Route  202  908 

Utility  poles  908 


The  right  abutment  is  glacial  till  and  outwash  sand  and  gravel. 

The  left  abutment  is  glacial  till  underlain  by  granitic  bedrock. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  5 to 
15  feet.  Waterholding  capabilities  appear  to  be  fair.  Leakage  is 
expected  through  the  outwash  sand  and  gravel  on  the  right  abut- 
ment. Borrow  material  for  dam  construction  was  located  near  the 
site. 


The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a 
cutoff  through  the  sand  and  gravel  on  the  right  abutment. 

The  right  abutment  of  the  dam  and  a portion  of  the  drainage  area 
lies  within  land  owned  by  the  City  of  Springf ield-Water  Department. 

kkkkkkkici^kinkkkkkickirk-k'k'k'kk-k'J(irk'kir>,ik 


SITE  CP-2803 


On  an  unnamed  brook  about  2200  feet  upstream  from  Sargent  Street 
in  Belchertown,  Mass. 

Belchertown,  Mass.  USGS  quadrangle 

Latitude:  42°17'33M  Longitude:  72°23'42" 

None  below  elevation  580. 
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SITE  CP-2803  (Cont'd) 

Geologic 
Conditions : 

Both  abutments  are  thing  glacial  till  underlain  by  granitic 
bedrock.  The  foundation  area  is  about  60%  covered  with 
boulders.  Depth  to  bedrock  in  the  foundation  is  estimated 
to  be  from  10  to  15  feet.  Waterholding  capabilities  appear 
to  be  good.  Borrow  material  for  dam  construction  was  located 
near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-2804 

Location: 

On  Higher  Brook  about  7000  feet  upstream  from  Springfield 
Reservoir  in  Ludlow,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°12'29"  Longitude:  72°26'55" 

Facilities 

Affected: 

Facility  Elevation 

Power  transmission  towers  425 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  The  foundation  is  about  15% 
covered  with  boulders.  Depth  to  bedrock  in  the  foundation  is 
estimated  to  be  from  15  to  20  feet.  Waterholding  capabilities 
appear  to  be  good.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  The  drainage  area  is  controlled  by  the  Springfield 
Water  Department  and  flow  is  diverted  into  Springfield  Reser- 
voir. 

Public 
Ownership : 

The  pool  floods  property  owned  by  the  Springfield  Water  Depart- 
ment above  elevation  450. 
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SITE  CP-2805 

Location: 

On  Roaring  Brook  about  700  feet  upstream  from  Turkey  Hill  Road 
in  Belchertown,  Mass. 

Ludlow,  Mass.  USGS  quadrangle. 

Latitude:  42°14'01"  Longitude:  72°24,25" 

Facilities 

Affected: 

Facility  Elevation 

Springfield  Reservoir  Road  395 

Utility  poles  395 

Booth  Road  395 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  40  to  45 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  the  sand  and  gravel  on  both  abutments.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

The  pool  floods  property  owned  by  the  Springfield  Water  Depart- 
ment above  elevation  395, 

SITE  CP-2806 

Location: 

On  Broad  Brook  about  4500  feet  upstream  from  Zitka  Road  in 
Belchertown,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°14’32"  Longitude:  72°23’56" 

Facilities 

Affected: 

None  below  elevation  400. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  45  to  55  feet. 
Waterholding  capabilities  appear  to  be  poor.  Leakage  is  expected 
through  the  sand  and  gravel  in  both  abutments  and  the  foundation. 
Pervious  borrow  material  for  dam  construction  was  located  near  the 
site;  impervious  material  was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway  loca- 
tion. The  drainage  area  is  controlled  by  the  Springfield  Water 
Department  and  water  is  diverted  into  Springfield  Reservoir. 

VfVrVrVfVcVfVf^VVfVfVrVcVfVfVfVfVc'Vf'jWrVfVfV'Vf’jVVc'jV’sV'/VyfvV'/V'j'r 
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Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 
Affected : 

Geologic 
Conditions : 


SITE  CP-2807 

On  Jabish  Brook  about  3200  feet  upstream  from  Mill  Valley  Road  in 
Belchertown,  Mass. 

Belchertown,  Mass.  USGS  quadrangle 


Latitude:  42°16'21"  Longitude:  72°23,00" 

Facility  Elevation 

Building  445 

Shop  440 

2 houses,  2 barns  440 

Belchertown  Water  Works  440 

High  tension  towers  440 

House  435 

Route  202  434 

3 houses  430 

Jensen  Road  425 

State  School  Water  Works  425 


Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  The 
foundation  is  a swamp  with  water  impounded  at  various  elevations. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  40  to 
50  feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments.  Pervious  material  for  dam 
construction  was  located  near  the  site;  impervious  material  was 
not  located. 


Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 


JtirMckirfcjeieirkicJejt'kicfcjrkirfcieJrkfckjrkjcirkfak 


SITE  CP-2808 

On  Jabish  Brook  about  5100  feet  downstream  from  Mill  Valley  Road 
in  Belchertown,  Mass. 

Belchertown,  Mass.  USGS  quadrangle 

Latitude:  42°15’07"  Longitude:  72°22'43" 


None  below  elevation  400. 


Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  The 
foundation  is  swamp  deposits.  Depth  to  bedrock  in  the  foundation 
is  estimated  to  be  from  45  to  55  feet.  Waterholding  capabilities 
appear  to  be  poor.  Leakage  is  expected  through  both  abutments. 
Pervious  borrow  material  for  dam  construction  was  located  near  the 
site;  impervious  material  was  not  located. 
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Engineering 
Notes : 


Public 
Ownership : 


Location: 


Facilities 
Affected : 

Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-2808  (Cont'd) 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  as  an  emergency  spillway.  The  drainage 
area  is  controlled  by  the  Springfield  Water  Department  and  water 
is  diverted  into  Springfield  Reservoir. 

A small  piece  of  land  owned  by  the  Springfield  Water  Department 
would  be  flooded  above  elevation  385. 


SITE  CP-2809 

On  an  unnamed  brook  about  4000  feet  upstream  from  Mill  Valley 
Road  and  about  1200  feet  northwest  of  Sabin  Street  in 
Belchertown,  Mass. 

Windsor  Dam,  Mass.  USGS  quadrangle 

Latitude:  42°16,0l"  Longitude:  72°22’00" 

None  below  elevation  520. 


The  left  abutment  is  poorly  graded  sand  and  gravel,  shallow  to 
bedrock,  with  bedrock  outcrops  at  higher  elevations.  The  right 
abutment  is  poorly  graded  sand  and  gravel,  shallow  to  bedrock. 

The  foundation  is  gravel.  Depth  to  bedrock  in  the  foundation 
is  estimated  to  be  from  10  to  15  feet.  Waterholding  capabilities 
appear  to  be  fair  to  poor.  Leakage  is  expected  through  both 
abutments  and  the  foundation.  Pervious  borrow  material  for  dam 
construction  was  located  near  the  site;  impervious  material  was 
not  located. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a 
cutoff  through  the  sand  and  gravel  in  both  abutments  and  the 
foundation. 
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SITE  CP-2810 

Location: 

On  an  unnamed  brook  about  1600  feet  upstream  from  West  Street 
and  about  1100  feet  upstream  from  the  Central  Vermont  Railroad 
in  Belchertown,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°12,44”  Longitude:  72°22’10" 

Facilities 
Affected : 

None  below  elevation  370. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  20  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments.  Pervious  borrow  material  for 
dam  construction  was  located  near  the  site;  impervious  material 
was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-2811 

Location: 

On  Jabish  Brook  about  3300  feet  upstream  from  Bardwell  Road  in 
Belchertown,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°13'22"  Longitude:  72°22'10" 

Facilties 

Affected: 

None  below  elevation  360. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  20  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments  and  the  foundation.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-2812 

Location: 

On  an  unnamed  brook  about  1500  feet  upstream  from  Bondsville 
Road  in  Belchertown,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°13'50M  Longitude:  72°21,27" 

Facilities 

Affected: 

None  below  elevation  425. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  20  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments  and  the  foundation.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 

Notes 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

-35- 


j 

.3 

] 

] 

] 

-3 

3 

3 

3 

3 

3 

3 

3 

"3 

1 

3 

] 


SITE  CP-2813  (Knights  Pond) 


Location:  On  Jabish  Brook  at  Gold  Street  in  Belchertown,  Mass. 

Belcher town,  Mass.  USGS  quadrangle 

Surface  Surface  Area  Height  of  Drainage  Area 

Elevation  (Acres ) Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

928  35  17  1050  1.6 

Potential  Expansion  does  not  appear  to  be  feasible;  a 2500  foot 

for  long  dam  would  be  required  to  double  the  existing 

Expansion:  surface  area. 

Remarks:  The  dam  is  an  earth-fill  structure.  The  spillway  is 

a rock  masonry  weir,  31  feet  long  and  3 feet  deep.  The 
upstream  wingwalls  are  concrete  with  stone  masonry  walls 
on  the  downstream  side.  Concrete  in  the  left  wingwall 
is  spalling. 

Ownership  The  site  is  owned  by  the  City  of  Springfield  and  is 

and  used  as  a water  supply  reservoir. 

Use : 
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SITE  CP-2814  (Springfield  Reservoir) 


Location: 


Surface 

Elevation 

379 


On  an  unnamed  brook  near  the  intersection  of 
Belchertown  Street  and  Route  21  in  Ludlow,  Mass. 


Ludlow,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 
390 


Height  of 
Dam  (Ft.) 
15 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
12,800  20.0 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Limited.  Expansion  would  require  extensive  diking  and 
modification  of  the  Broad  Brook  - Jabish  Brook  Canal 
system. 

The  Springfield  Reservoir  complex  is  a series  of  three 
reservoirs;  one  main  reservoir  and  two  smaller  pools. 
Three  of  the  dams  which  maintain  the  reservoirs  are 
vegetated  earth-fill  structures  with  riprap  on  the 
upstream  slopes.  The  dams  are  known  as  Gatehouse  Dam 
and  Basin  Dams  #1  and  #2.  Each  dam  has  a gated  outlet. 
A second  control  on  the  main  reservoir  is  the  Cherry 
Valley  Dam,  a concrete  ogee  weir  structure.  Concrete 
at  the  toe  of  the  structure  is  spalling. 

The  site  is  owned  by  the  City  of  Springfield  and  is 
used  as  a water  supply  reservoir. 
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SITE  CP-2815  (Jabish  Canal) 


Location : 


Surface 

Elevation 

415 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  the  Jabish  Canal  near  Route  181  in 
Belchertown,  Mass. 

Belchertown,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

10  9 6950  10.9 

It  appears  unlikely  that  the  site  would  be  expanded. 
The  site  serves  as  a diversion  to  Springfield  Reser- 
voir and  not  as  a reservoir. 

The  pond  is  contained  by  two  dams.  The  Blackman- 
Walker  Dam  is  a 100  foot  long  concrete  weir  structure 
located  on  the  natural  stream.  The  Springfield  Water 
Department  Canal  Dam  is  a 36  foot  long  stone  masonry 
structure  which  outlets  into  Jabish  Canal  through  a 
4-foot  wide,  5-foot  high  gated  opening.  The  dam  and 
pond  were  constructed  to  divert  flows  to  the  Spring- 
field  Reservoir  (Site  CP-2814). 

The  site  is  owned  by  the  City  of  Springfield  and  is 
used  as  a water  supply  diversion. 
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SITE  CP-2816 

(Ludlow  Manufacturing  Associates  Dam) 


Location: 


On  the  Chicopee  River  near  Red  Bridge  Road  in 
Ludlow,  Mass. 


Ludlow,  Mass.  USGS  quadrangle 


Surface  Surface  Area 

Elevation  (Acres) 

(Elevation  and  area  were  not 
determined  for  river  dams) 


Height  of 
Dam  (Ft. ) 
40 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
433,300  677.0 


Potential  Steep  topography  limits  any  significant  increase  in 

for  surface  area. 

Expansion: 


Remarks:  The  dam  is  an  800  foot  long  earth-fill  structure  with 

a 6 foot  top  width.  The  spillway  is  a 150  foot  long 
concrete  ogee  weir  section.  A gate  house  at  the  left 
abutment  releases  flow  under  the  Red  Bridge.  The 
upstream  and  downstream  slopes  of  the  dam  have  light 
brush  growing  on  them.  Concrete  in  the  spillway  is 
spalling  in  places. 


Ownership  The  site  is  owned  by  the  Western  Mass.  Electric  Co. 

and  and  is  used  for  power  generation. 

Use : 
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SITE  CP-2817 
(Bondsville  Lower  Dam) 


Location:  On  the  Swift  River  near  State  Street  in  Bondsville, 

Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle  ' 


Surface 

Elevation 


Surface  Area 
(Acres ) 


(Elevation  and  area  were  not 
determined  for  river  dams) 


Height  of 
Dam  (Ft.) 
14 


Drainage  Area 
(Acres)  (Sq.  Mi.) 


Potential 

for 

Expansion 


123,800*  193.4 

*119,000  acres  are  controlled 
by  Quabbin  Reservoir 
Limited  by  houses  on  both  banks.  Storage  could  be 
increased  by  dredging  of  accumulated  silt. 


Remarks:  The  dam  is  a 125  foot  long  stone  masonry  drop  structure 

with  a weir  depth  of  4 feet.  There  is  a 4 foot  wide, 

5 foot  high,  control  gate  on  the  right  abutment.  The 
pool  appears  to  be  about  807,  filled  with  silt. 


Ownership  The  site  is  owned  by  the  Bondsville  Realty  Company  and 

and  is  used  for  industrial  purposes. 

Use : 
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SITE  CP-2818 
(Bondsville  Upper  Dam) 


Location: 


On  the  Swift  River  near  River  Road  in  Bondsville, 
Palmer,  Mass. 


Palmer,  Mass.  USGS  quadrangle 


Surface 

Elevation 


Surface  Area 
(Acres ) 


(Elevation  and  area  were  not 
determined  for  river  dams) 


Potential 

for 

Expansion: 


Height  of 
Dam  (Ft.) 
15 


Drainage  Area 
(Acres)  (Sq.  Mi.) 


123,600*  193.1 

*119,000  acres  are  controlled 
by  Quabbin  Reservoir 

This  is  a very  narrow  dam  site  with  steep  abutments 
on  both  sides.  Expansion  of  the  pool  would  be  limited 
by  the  effects  on  the  Chicopee  Valley  Aqueduct,  the 
new  State  Fish  Hatchery,  Route  9,  and  the  outlet  from 
Quabbin  Reservoir. 


Remarks:  The  dam  is  a stone  masonry  structure  with  18"  high 

flashboards  to  control  the  water  level.  There  is  a 
canal  and  control  gate  on  the  left  abutment.  The  pool 
contains  a great  deal  of  silt.  There  are  several 
leaks  through  the  flashboards. 


Ownership  The  site  is  owned  by  the  Bondsville  Realty  Company 

and  and  is  used  for  industrial  purposes. 

Use : 
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Source  - USGS  Quad  Sheets 
Belchertown  - 1964 
Ludlow-1969 
Palmer-  1969 
Windsor  Dam-1967 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 

Subwatershed  CP-29,  Ware  River 

This  subwatershed  covers  about  98,600  acres  in  the  Towns  of  Barre,  Hardwick, 
Hubbardston,  New  Braintree,  Oakham,  Petersham,  Phillipston,  Princeton, 

Rutland,  Templeton,  West  Brookfield,  and  Westminster  (all  in  Worcester  County). 
There  is  a U.S.  Geological  Survey  stream  gaging  station  on  the  Ware  River  at 
Barre  Falls  in  Barre.  The  watershed  above  Shaft  8 on  Route  122  in  Barre  is 
subject  to  the  Metropolitan  District  Commission's  right  to  divert  flows  to 
Quabbin  Reservoir.  About  20,000  acres  of  the  watershed  is  owned  by  the 
MDC.  The  MDC  ownership  and  statutory  obligation  to  maintain  water  quality 
will  influence  the  development  of  potential  sites  within  this  Study  Area. 

The  Ware  River  originates  in  Hubbardston  (West  Branch)  and  Westminster  (East 
Branch)  and  flows  generally  southwesterly  through  Rutland,  Barre,  New  Braintree 
and  Hardwick.  The  major  tributary  to  the  Ware  River  is  Burnshirt  River,  which 
originates  in  Phillipston  and  flows  southerly  through  Hubbardston  to  the  Ware 
River  in  Barre.  Elevations  range  from  a high  of  about  1720  in  Wachusett 
Mountain  State  Reservation  to  a low  of  about  540  in  Gilbertville  (New  Braintree). 
Geology  of  the  subwatershed  is  characterized  as  gneiss,  schist  or  granite 
bedrock  overlain  by  15  to  35  feet  of  glacial  till  or  outwash  sand  and  gravel. 

Thirty-four  potential  reservoir  sites  and  sixteen  existing  reservoirs  were 
studied.  Summary  Data  for  Potential  Upstream  Reservoir  Sites  are  included  for 
thirty -three  sites  that  met  study  criteria. 


VfVfVcVfVfVfVfVfVfVf/VVrVrV'V'/VVfVfVfVcVfVfVfVfVfVcVr'/VVfVf/VVfVo’oVVfVf/VVrsVVf/VVfVfVfVfVcVc'/V'V 


SITE  CP-2901 


Location:  On  an  unnamed  brook  about  75  feet  upstream  of  Riley  Switch 

Road  in  Phillipston,  Mass. 

Templeton,  Mass.  USGS  quadrangle 

Latitude:  42°33'06"  Longitude:  72°06'39" 

Facilities  None  below  elevation  1050. 

Affected : 


Geologic  Both  abutments  are  thin  glacial  till  with  outcrops  of  grani- 

Conditions:  tic  bedrock.  The  bedrock  is  slightly  jointed  in  outcrops. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from 
5 to  10  feet.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  about  2h 
miles  from  the  site. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 


Engineering 
Notes : 
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SITE  CP-2902 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


On  an  unnamed  brook  at  Templeton  Road  in  Phillipston,  Mass. 


Templeton,  Mass.  USGS  quadrangle 

Latitude:  42°32,07"  Longitude:  72°05'54" 


Facility 
Burnshirt  Road 
Williamsville  Road 
Templeton  Road 


Elevation 

1005 

1000 

980 


Both  abutments  are  thin  glacial  till  underlain  by  granitic 
bedrock.  The  bedrock  is  slightly  fractured  in  outcrops.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  10  to  15 
feet.  Waterholding  capabilities  appear  to  be  good.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  1010,  a dike 
will  be  required  north  of  the  reservoir.  There  is  an  old  rock 
and  earth  fill  dam  at  the  site.  It  may  be  possible  to  locate 
the  dam  upstream  of  Templeton  Road. 


irltkkk'JrfrirSr-kkit'kkkltirk'k'kkkic-Jc-kkkkicJrkitic-kkkkkkkk'kkkitk'k'kick'k 


SITE  CP-2903 


On  the  Burnshirt  River  about  300  feet  downstream  from  the  Penn- 
Central  Railroad  in  Phillipston  and  Templeton,  Mass. 

Templeton,  Mass.  USGS  quadrangle 

Latitude:  42°30'43”  Longitude:  72°05'09M 


Facility  Elevation 

4 sheds  885 

Building  880 

Cabin  872 

Unimproved  road  870 

Penn  Central  Railroad  860 


Both  abutments  are  outwash  sand  and  gravel.  There  are  geanitic 
bedrock  outcrops  in  the  foundation.  Waterholding  capabilities 
appear  to  be  poor.  Leakage  is  expected  through  both  abutments. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site.  A dike  will  be  required 
north  of  the  reservoir.  Waterholding  capabilities  might  be 
improved  by  a cutoff  through  the  sand  and  gravel  on  the  abutments. 
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SITE  CP-2904 

Location: 

On  Canesto  Brook  about  100  feet  upstream  of  South  Road  in 
Templeton,  Mass. 

Templeton,  Mass.  USGS  quadrangle 
Latitude:  42°30,51M  Longitude:  72°03'54M 

Facilities 

Affected: 

Facility  Elevation 

South  Road  1075 

Utility  poles  1075 

Geologic 
Conditions : 

Both  abutments  are  thin  englacial  drift  underlain  by  granitic 
bedrock.  The  bedrock  is  slightly  jointed  in  outcrops.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  15  to  20 
feet.  Waterholding  capabilities  appear  to  be  fair.  Leakage 
is  expected  through  the  foundation.  Borrow  material  for  dam 
construction  was  located  near  the  site. 

Engineering 
Notes : 

The  emergency  spillway  should  be  located  on  the  abutment  requiring 
the  lesser  amount  of  rock  excavation.  Waterholding  capabilities 
might  be  improved  by  a cutoff  to  bedrock. 

SITE  CP-2905 

Location: 

On  Canesto  Brook  about  4700  feet  downstream  from  South  Road  in 
Hubbardston,  Mass. 

Templeton,  Mass.  USGS  quadrangle 

Latitude:  42°30'15"  Longitude:  72°03'20" 

Facilities 
Affected : 

None  below  elevation  1060. 

Geologic 
Conditions : 

Both  abutments  are  thin  discontinuous  glacial  till  underlain 
by  granitic  bedrock.  Both  abutments  may  have  gravel  terraces 
near  the  brook.  Depth  to  bedrock  in  the  foundation  is  esti- 
mated to  be  from  15  to  25  feet.  Waterholding  capabilities 
appear  to  be  fair  to  good.  Leakage  might  occur  through  the 
gravel  terraces.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a 
cutoff  through  the  gravel  on  both  abutments. 

Public 
Ownership : 

A portion  of  the  pool  area  is  in  the  Hubbardston  State  Forest. 
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SITE  CP-2906 

Location: 

On  Joslin  Brook  about  300  feet  downstream  from  Lovewell  Pond 
in  Hubbardston,  Mass. 

Gardner,  Mass.  USGS  quadrangle. 

Latitude:  42°30’26"  Longitude:  71°57'48" 

Facilities 
Affected : 

Facility  Elevation 

House  1082 

Unnamed  Road  1080 

2 houses  1080 

Geologic 
Conditions : 

The  left  abutment  is  dense  glacial  till.  The  right  abutment  is 
poorly  graded  outwash  sand  and  gravel.  Depth  to  bedrock  is 
estimated  to  be  from  5 to  15  feet.  Waterholding  capabilities 
appear  to  be  fair.  Leakage  is  expected  through  the  outwash 
sand  and  gravel.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  1090,  a short 
dike  will  be  required  at  the  south  edge  of  the  pool.  Water- 
holding capabilities  might  be  improved  by  a cutoff  through  the 
sand  and  gravel  on  the  right  abutment. 

Public 
Ownership : 

About  2570  of  the  drainage  area  is  in  the  Westminster  State  Forest. 

SITE  CP-2907 

Location: 

On  Canesto  Brook  about  6500  feet  upstream  from  Williamsville 
Road  in  Hubbardston,  Mass. 

Barre,  Mass.  USGS  quadrangle 

Latitude:  42°29'26"  Longitude:  72°03’15" 

Facilities 

Affected: 

None  below  elevation  975. 

Geologic 
Conditions : 

Both  abutments  are  dense  englacial  drift  with  outcrops  of  grani- 
tic bedrock.  Bedrock  is  slightly  jointed  in  outcrops.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  5 to  10 
feet.  Waterholding  capabilities  appear  to  be  fair  to  good 
depending  on  the  permeability  of  the  englacial  drift.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

Above  elevation  915,  part  of  the  pool  lies  within  the  Hubbardston 
State  Forest. 
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Location: 


Facilities 

Affected: 

Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Public 
Ownership : 


SITE  CP-2908 

On  an  unnamed  brook  about  1500  feet  downstream  from  Marcan 
Pond  in  Hubbardston,  Mass. 

Waehusett  Mountain,  Mass.  USGS  quadrangle 

Latitude:  42°28'53"  Longitude:  71°59,51" 

Facility  Elevation 

Cabin  895 


The  left  abutment  is  outwash  sand  and  gravel  underlain  by 
glacial  till.  The  right  abutment  is  dense  glacial  till.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  25  to  30 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  the  left  abutment  and  the  foundation. 

Borrow  material  for  dam  construction  was  located  near  the  site. 


The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-2909 

On  Mason  Brook  about  1560  feet  downstream  from  East  Simonds 
Hill  Road  in  Hubbardston,  Mass. 

Waehusett  Mountain,  Mass.  USGS  quadrangle 

Latitude:  42°28,34"  Longitude:  71°59,03" 


Facility  Elevation 

High  tension  pole  965 

House  965 

House  962 

Mobile  home  960 

East  Simonds  Hill  Road  955 

Depot  Road  955 

Utility  poles  955 


Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  20  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 


Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site.  If  the  site  is  developed 
to  elevation  950,  a dike  will  be  required  south  of  the  reservoir. 
There  is  an  old  breached  dam  at  this  site. 


About  k.  square  mile  of  the  drainage  area  is  in  the  Westminster 
State  Forest. 
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SITE  CP-2910 

Location: 

On  an  unnamed  tributary  to  Wachusett  Brook  about  1900  feet 
upstream  from  the  confluence  and  about  4800  feet  upstream  from 
Rhodes  Road  in  Princeton,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Latitude:  42°28'28"  Longitude:  71°54'20" 

Facilities 
Affected : 

Facility  Elevation 

Thompson  Road  1202 

Utility  poles  1202 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  5 to  15  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  A dike  will  be  required  south  of  the  reservoir 
near  Thompson  Road. 

Public 
Ownership : 

About  one-half  of  the  pool  area  lies  within  a wildlife  sanctuary 
and  about  20%  of  the  drainage  area  is  within  the  Wachusett 
Mountain  State  Forest. 

SITE  CP-2911 

Location: 

On  Canesto  Brook  at  Williamsville  Road  in  Hubbardston,  Mass. 
Barre,  Mass.  USGS  quadrangle 

Latitude:  42028'23"  Longitude:  72°03'07M 

Facilities 

Affected: 

Facility  Elevation 

Williamsville  Road  all 

Geologic 
Conditions : 

Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  25  to  30  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through  both 
abutments  and  the  foundation.  Pervious  borrow  material  for  dam 
construction  was  located  near  the  site;  impervious  material  was 
not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

About  \ square  mile  of  the  drainage  area  is  in  the  Hubbardston 
State  Forest. 
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SITE  CP-2912 

Location: 

In  the  wetland  area  about  100  feet  upstream  of  Skelly  Road 
in  Barre,  Mass. 

Barre,  Mass.  USGS  quadrangle 

Latitude:  42°28'19"  Longitude:  72°06'37" 

Facilities 

Affected: 

Facility  Elevation 

Petersham  Road  1062 

Skelly  Road  1055 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  20  to  25  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-2913 

Location: 

On  the  Prince  River  about  1900  feet  downstream  from  Skelly  Road 
in  Barre,  Mass. 

Barre,  Mass.  USGS  quadrangle 

Latitude:  42°  27 1 59”  Longitude:  72°06,29" 

Facilities 
Affected : 

Facility  Elevation 

Skelly  Road  1055 

Geologic 
Conditions : 

Both  abutments  are  thin  glacial  till  with  outcrops  of  granitic 
bedrock.  The  bedrock  is  slightly  fractured  in  outcrops.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  10  to  15 
feet.  Waterholding  capabilities  appear  to  be  good.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  1045,  a dike 
will  be  required  northwest  of  the  reservoir. 
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SITE  CP-2916 

Location: 

From  #7  Schoolhouse  Road  about  1000  feet  upstream  on  an  unnamed 
brook  to  confluence  of  two  brooks;  then  west  about  1600  feet 
upstream  on  an  unnamed  brook  in  Princeton,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Latitude:  42°26'29"  Longitude:  71°56’37" 

Facilities 

Affected: 

None  below  elevation  1060. 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from.  5 to  10  feet.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  1055,  three 
dikes  will  be  required  on  the  west  and  south  sides  of  the 
reservoir. 

Public 
Ownership : 

The  site  is  within  the  Phillipston  Wildlife  Management  Area 
owned  by  the  Massachusetts  Division  of  Fisheries  and  Game. 

/V/'rvVV-VrsV/V 

SITE  CP-2918 

Location: 

On  Pleasant  Brook  about  600  feet  downstream  from  Everett  Road 
in  Barre,  Mass. 

Barre,  Mass.  USGS  quadrangle 

Latitude:  42°26'01"  Longitude:  72°04'28" 

Facilities 

Affected: 

Facility  Elevation 

Everett  Road  835 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  25  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

The  site  is  within  the  Phillipston  Wildlife  Management  Area 
owned  by  the  Massachusetts  Division  of  Fisheries  and  Game. 
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SITE  CP-2920 

Location: 

On  Pomagussett  Branch  about  400  feet  upstream  from  Edsqn  Pond 
in  Rutland,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 
Latitude:  42024'54"  Longitude:  72°57'33M 

Facilities 

Affected: 

Facility  Elevation 

Route  68  1038 

Old  Route  68  1035 

Utility  poles  1035 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  20  to  25  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-2921 

Location: 

On  an  unnamed  tributary  to  the  East  Branch  of  the  W^re  River 
about  4200  feet  upstream  from  Intervale  Road  and  about  2300 
feet  upstream  from  the  confluence  with  the  East  Branch  of  the 
Ware  River  in  Rutland,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Latitude:  42°24'30"  Longitude:  72058'49" 

Facilities 

Affected: 

None  below  elevation  980. 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  20  to  25  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  975,  two  dikes 
will  be ^required. 
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SITE  CP-2922 

Location: 

On  Moose  Brook  about  900  feet  upstream  from  Old  Hardwich  Road  in 
Barre,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42°24'58H  Longitude:  72°08,39" 

Facilities 

Affected: 

Facility  Elevation 

House  978 

West  Street  974 

Utility  poles  974 

4 houses  974 

Dana  Road  972 

Utility  poles  972 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  Boulders  cover  about  40%  of  the 
abutment  area.  Depth  to  bedrock  in  the  foundation  is  estimated  to 
be  from  10  to  15  feet.  Waterholding  capabilities  appear  to  be  good 
Borrow  material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  990,  a dike 
will  be  required  to  the  west  of  the  dam.  The  site  was  also 
identified  as  a potential  site  (M  13A-5)  in  the  Comprehensive 
Study  of  the  Connecticut  River  Basin. 
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SITE  CP-2924 

Location: 

On  Moose  Brook  about  1300  feet  upstream  from  Hardwick  Road  in 
Barre,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42°24'03"  Longitude:  72°08'48M 

Facilities 

Affected: 

Facility  Elevation 

West  Street  974 

Mobile  home  and  garage  965 

Old  Hardwick  Road  958 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  The  right  abutment  is 
about  207o  covered  with  boulders.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  20  to  25  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-2925 

Location: 

On  a tributary  to  Moose  Brook  about  5Q0  feet  upstream  from 
Hardwick  Road  in  Barre,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42°23,33M  Longitude:  72°09,49" 

Facilities 

Affected: 

None  below  elevation  1030. 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till  with  bedrock  high  on  the 
left  abutment.  The  bedrock  is  slightly  jointed  in  outcrops. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  10 
to  15  feet.  Waterholding  capabilities  appear  to  be  good.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

Engineering 

Notes! 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-2926 

Location: 

On  an  unnamed  tributary  to  Pine  Hill  Brook  about  25  feet  upstream 
of  Cutler  Road  in  Barre,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42023'31"  Longitude:  72°07'43" 

Facilities 

Affected: 

Facility  Elevation 

Cutler  Road  830 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  20  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  sitq. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  835,  a dike 
will  be  required. 
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SITE  CP-2927 

Location : 

On  Mill  Brook  about  2600  feet  downstream  from  the  Central  New 
England  Sanatorium  Road  in  Rutland,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Latitude:  42°22'43"  Longitude:  72°53'14" 

7 aci lities 
Affected : 

Facility  Elevation 

Barn  980 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  25  to  30  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  There  is  a concrete  weir  about  300  feet  upstream  from 
the  site  which  impounds  water  for  improving  wildlife  habitat. 

SITE  CP-2928 

Location : 

On  Moose  Brook  about  600  feet  upstream  from  Taylor  Hill  Road  in 
Hardwick,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude:  42°22'41"  Longitude:  72°09'42" 

Facilities 
Affected : 

Facility  Elevation 

Taylor  Hill  Road  850 

Quabbin  Aqueduct  795 

Geologic 

Conditions: 

The  left  abutment  is  dense  glacial  till.  The  right  abutment  is 
thin  glacial  till  underlain  by  gneiss  bedrock.  The  bedrock  is 
slightly  jointed  in  outcrops.  There  are  gneiss  bedrock  outcrops 
in  the  stream.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 
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SITE  CP-2929 

Location: 

On  Bell  Brook  about  2200  feet  upstream  from  Woods  Road  in  Barre, 
Mass . 

North  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  42°22,04M  Longitude:  72°05'55" 

Facilities 
Affected : 

Facility  Elevation 

House  765 

Crocker  Nye  Road  762 

Old  Turnpike  Road  755 

Utility  poles  755 

GeoLogic 
Conditions : 

Both  abutments  are  outwash  sand  and  gravel.  There  are  gravel 
pits  on  both  abutments.  Depth  to  bedrock  in  the  foundation  is 
estimated  to  be  from  25  to  35  feet.  Waterholding  capabilities 
appear  to  be  poor.  Leakage  is  expected  through  both  abutments. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 

SITE  CP-2930 

Location: 

On  Burrow  Brook  about  150  feet  upstream  from  Old  Turnpike  Road  in 
Oakham,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  42°21'56"  Longitude:  72°04'21" 

Facilities 
Affected : 

Facility  Elevation 

Barre  Road  935 

Utility  poles  935 

House  928 

House  and  barn  925 

Geologic 
Conditions : 

The  left  abutment  is  outwash  sand  and  gravel.  The  right  abutment 
is  dense  glacial  till.  Depth  to  bedrock  in  the  foundation  is  esti 
mated  to  be  from  30  to  35  feet.  Waterholding  capabilities  appear 
to  be  fair  to  poor.  Leakage  is  expected  through  the  left  abutment 
Pervious  borrow  material  for  dam  construction  was  located  near  the 
site;  impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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Location: 


Facilities 
Affected : 


Geologic 
Conditions : 


Engineering 
Notes : 


Location : 


Facilities 
Affected : 

Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-2932 

On  an  unnamed  brook  about  1600  feet  upstream  from  Demond  Pond 
near  Turkey  Hill  Road  in  Rutland,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Latitude:  42°21'12"  Longitude:  72°57'40M 

Facility  Elevation 

House  and  garage  1022 

Utility  pples  995 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the  foun- 
dation is  estimated  to  be  from  15  to  20  feet.  Waterholding  capa- 
bilities appear  to  be  good.  Pervious  material  for  dam  construction 
was  located  near  the  site;  impervious  material  was  not  located. 

The  left  abutment  is  recorrsnended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  1015,  a 
natural  saddle  on  the  left  abutment  will  require  a dike  or 
might  be  used  as  an  emergency  spillway. 


SITE  CP-2933 


On  an  unnamed  tributary  to  Bell  Brook  about  2300  feet  upstream 
from  Crocker  Nye  Road  in  Oakham,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°21'07"  Longitude:  72°05'48M 

Facility  Elevation 

Crocker  Nye  Road  875 

Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  35  to  40  feet.  Water- 
holding capabilities  appear  to  be  poor.  Leakage  is  expected 
through  both  abutments.  Pervious  borrow  material  for  dam  con- 
struction was  located  near  the  site;  impervious  material  was 
not  located. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  There  is  a small  pond  at  the  site. 
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SITE  CP-2934 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 

Public 

Ownership: 


On  Bell  Brook  at  Scott  Road  in  Oakham,  Mass. 
North  Brookfield,  Mass.  USGS  quadrangle 


Latitude:  42°21’18" 

Facility 
House  and  barn 
Trailer 
Barn 

Scott  Road 
Utility  poles 


Longitude:  72°05'13" 

Elevation 

890 

885 

880 

872 

872 


Both  abutments  are  outwash  sand  and  gravel;  mostly  fine  sand  to 
elevation  890.  Depth  to  bedrock  in  the  foundation  is  estimated 
to  be  from  35  to  40  feet.  Waterholding  capabilities  appear  to  be 
poor.  Leakage  is  expected  through  both  abutments  and  the  founda- 
tion. Pervious  borrow  material  for  dam  construction  was  located 
near  the  site;  impervious  material  was  not  located. 


The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 


SITE  CP-2935 

On  Winimusset  Brook  at  Hardwick  Road  in  New  Braintree,  Mass. 


Ware,  Mass.  USGS  quadrangle 

Latitude:  42°20'32"  Longitude:  72°08'44" 


Facility 

Cemetery 

Barn 

Barn 

Ravine  Road 
Silo 
Garage 
Slein  Road 
Utility  poles 
Hardwick  Road 
Utility  poles 


Elevation 

595 

595 

585 

582 

580 

580 

568 

568 

562 

562 


Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  35  to  45  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through  both 
abutments.  Pervious  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 


The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 


The  reservoir  would  inundate  part  of  the  Winimusset  Meadows  Wild- 
life Management  Area. 
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SITE  CP-2936 

Location : 

On  Bell  Brook  about  900  feet  upstream  from  Gaffeney  Road  in 
Oakham,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  42°20'41"  Longitude:  72°05'01" 

Facilities 
Affected : 

None  below  elevation  950. 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  20  to  25  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 

Notes! 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

irkirkit*kirkirkirkickirk~kickirk~kirk^k‘k~k&'k'kk'k 

SITE  CP-2937 

Location: 

On  Winimusset  Brook  about  100  feet  upstream  of  Slein  Road  in 
New  Braintree,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°19’49"  Longitude:  72°08'45" 

Facilities 
Affected : 

Facility  Elevation 

Barn  600 

Wine  Road  and  utility  poles  595 

Geologic 
Conditions : 

Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  35  to  45  feet.  Water- 
holding capabilities  appear  to  be  poor.  Leakage  is  expected 
through  both  abutments.  Pervious  borrow  material  for  dam  con- 
struction was  located  near  the  site;  impervious  material  was  not 
located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-2938 

Location: 

On  Winimusset  Brook  about  700  feet  upstream  from  Wine  Road  in 
New  Braintree,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°19'09"  Longitude:  72°08’55M 

Facilities 

Affected: 

None  below  elevation  680. 

Geologic 
Conditions : 

Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  25  to  35  feet.  Water- 
holding capabilities  appear  to  be  poor.  Leakage  is  expected 
through  both  abutments.  Pervious  borrow  material  for  dam  con- 
struction was  located  near  the  site;  impervious  material  was 
not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

VoWoVVoVVc*'VVfVfVcVc,VfVfVf>VVfVfVr*^V/VV<,/V'/V'>V*/''>V'W'Vc'vV 

SITE  CP-2939 

Location: 

On  an  unnamed  brook  about  400  feet  upstream  from  No. 7-Schoolhouse 
Road  in  Princeton,  Mass. 

Wachusett  Mountain,  Mass,  USGS  quadrangle 

Latitude:  42°26'44"  Longitude:  71°56’22" 

Facilities 

Affected: 

None  below  elevation  1040. 

Geologic 
Conditions : 

Both  abutments  are  dense  glacial  till.  Depth  to  bedrock  is 
estimated  to  be  from  20  to  25  feet.  Waterholding  capabilities 
appear  to  be  good.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

VfV'Vc^VVcVc**VfV'V(,*VrVfV'VoV>VVfVf*VwVVwVVf/V'5VVf,>V'>VV'Vf'/V 
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Location: 


Facilities 
Affected : 


Geologic 
Conditions : 


SITE  CP-2940 


On  Moose  Brook  about  250  feet  upstream  from  Brook  Road  in 
Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°21'21"  Longitude:  72°09'42M 


Facility 

House 

Brook  Road 


Elevation 

680 

660 


The  left  abutment  is  outwash  sand  and  gravel  at  the  toe  of  the 
slope  and  dense  glacial  till  about  midway  up  the  slope.  The 
right  abutment  is  glacial  till  underlain  by  gneiss  bedrock. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  15 
to  20  feet.  Waterholding  capabilities  appear  to  be  poor.  Leak- 
age is  expected  through  the  sand  and  gravel  on  the  left  abutment. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 


Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 


Engineering 
Notes : 
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SITE  CP-2906  (Lovewell  Pond) 


Location: 


Surface 

Elevation 

1076 

Potential 

for 

Expansion : 


On  Joslin  Brook  near  Grimes  Road  in  Hubbardston, 

Mass . 

Gardner,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

85  13  1300  2.0 

The  surface  area  could  be  more  than  doubled  before 
excessive  diking  would  be  required.  The  relatively 
small  drainage  area  limits  the  potential  for  expansion. 


Remarks : 


Ownership 
and 
Use : 


The  dam  is  a 110  foot  long  rock  and  earth-fill 
structure  with  a 9 foot  top  width.  The  downstream 
slope  is  vertical;  the  upstream  is  riprapped  on  a 
1^§:1  slope.  The  principal  spillway  is  a 21  foot 
long  weir  with  flashboards.  There  is  some  seepage 
through  flashboards. 

The  site  is  owned  by  Mr.  Streeter  and  is  used 
primarily  for  recreation. 
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Location: 


Surface 

Elevation 

1128 

Potential 

for 

Expansion: 
Remarks : 


Ownership 

and 

Use: 


Location: 


Surface 

Elevation 

1025 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use » 


SITE  CP-2941  (Queen  Lake) 

On  an  unnamed  brook  near  the  intersection  of  Barre  and 
Riley  Switch  Roads  in  Phillipston,  Mass. 

Templeton,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

135  10  375  0.6 

Expansion  does  not  appear  to  be  feasible;  houses  and 
camps  line  the  shore.  The  very  small  drainage  area 
severely  limits  expansion. 

The  dam  is  an  85  foot  long  earth-fill  structure  with  a 
20  foot  top  width.  The  spillway  is  a box  inlet  drop 
structure,  3 feet  by  6 feet,  emptying  into  a 1 foot  by 
2.5  foot  monolithic  conduit.  The  downstream  slope  has 
light  brush  and  large  trees  growing  on  it. 

This  is  an  enlarged  great  pond  open  to  public  use. 


icitickickirkirkicirkirMrkicickirkickicickjckickickic$ck'kickick*rickJckickick 


SITE  CP-2943  (Waite  Pond) 

On  an  unnamed  brook  near  High  Bridge  Road  in 
Hubbardston,  Mass. 

Gardner,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

35  5 700  1.1 

The  surface  area  could  be  doubled;  a 2000  foot  long 
dam  would  be  required. 


The  dam  is  a 450  foot  long  earth-fill  structure  with  a 
6 foot  top  width.  The  downstream  slope  is  nearly  vertical 
and  is  riprapped.  The  upstream  slope  is  about  2:1.  The 
spillway  is  a 7 foot  long  concrete  weir  with  flashboards. 

The  site  is  owned  by  the  Metropolitan  District  Commission 
and  is  used  for  watershed  protection  and  fishing. 
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Location: 


Surface 

Elevation 

1165 


Potential 

for 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


SITE  CP-2944 
(Noyes  Pond) 


On  an  unnamed  brook  near  Davis  Road  in  Westminster, 
Mass. 

Gardner,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

40 


Height  of 
Dam  (Ft . ) 
15 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
400  0.6 


The  relatively  small  drainage  area  limits  the  potential 
for  expansion. 


The  dam  is  a 130  foot  long  earth-fill  structure  with  a 10 
foot  top  width.  The  upstream  slope  is  faced  with  concrete 
and  rock  riprap.  A beach  area  is  located  on  top  of  the 
dam.  The  principal  spillway  is  a 10  foot  long  concrete 
weir.  There  is  a 24- inch  pond  drain.  There  is  a crack  in 
the  principal  spillway  concrete. 


The  site  is  owned  by  Mr.  Whitney  and  is  used  primarily 
for  recreation.  Water  rights  are  owned  by  the  City  of 
Fitchburg. 


VoV^VVoV^VoWoV^VVoVVf*,>V5'r>VVf,55rVo'oV^’o'r>V'>V'5'r>V*,>V'/WoWf'>VVoVVfVo’r>Wf/V**/V/V** 
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SITE  CP-2945 
(Mare  Meadow  Reservoir) 


Location: 


Surface 

Elevation 

1061 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  a tributary  to  the  Ware  River  near  Westminster 
Road  in  Hubbardston,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

270  47  1900  3.0 

The  site  appears  to  be  fully  developed. 


The  dam  is  an  880  foot  long  earth-fill  structure  with 
a 20  foot  top  width.  The  upstream  slope  is  riprapped; 
the  downstream  slope  is  grassed.  The  principal  spillway 
is  a gated  concrete  box  structure.  A vegetated  emer- 
gency spillway,  located  near  Bickford  Pond  Road,  is  50 
feet  wide  and  2000  feet  long.  The  dam  is  very  well 
maintained. 

The  site  is  owned  by  the  City  of  Fitchburg  and  is 
used  as  a water  supply  reservoir. 
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Location: 


Surface 

Elevation 

1045 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


SITE  CP-2946  (Bickford  Pond) 

On  the  East  Branch  of  the  Ware  River  near  Bickford 
Pond  Road  in  Hubbardston,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

160  50  2240  3.5 

The  dam  is  presently  being  expanded. 


The  following  statistics  apply  to  the  new  dam  being 
constructed  by  the  City  of  Fitchburg.  The  dam  is  a 
950  foot  long  earth-fill  structure  with  a 15  inch 
thick  concrete  core  wall.  The  upstream  slope  is  rip- 
rapped  and  the  downstream  slope  is  grassed.  The  spill- 
way is  100  feet  long  with  a concrete  box  drop  inlet. 
There  is  also  a 2500  foot  long  earth-fill  dike  with  a 
15  inch  thick  concrete  core  wall.  Bickford  Pond  has  a 
capacity  of  800  million  gallons.  It  is  used  as  a 
backup  reservoir  for  Mare  Meadow  (Site  CP-2945). 

The  site  is  owned  by  the  City  of  Fitchburg  and  is  used 
as  a water  supply  reservoir. 
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SITE  CP-2947  (Williamsville  Pond) 


Location: 


Surface 

Elevation 

814 


On  the  Burnshirt  River  near  the  intersection  of 
Thompson  and  Williamsville  Roads  in  Hubbardston,  Mass. 


Barre,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

40 


Height  of 
Dam  (Ft . ) 
10 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
7150  11.2 


Potential 

for 

Expansion: 


Remarks : 


Ownership 

and 

Use: 


Surface  area  could  be  more  than  tripled.  Use  of  the 
present  dam  site  would  require  about  3000  feet  of  dam 
and  dike.  A site  about  2000  feet  upstream  would  only 
require  800  feet  of  dam. 

Part  of  the  dam  is  the  Williamsville  Road  embankment. 
The  spillway  is  a 52  foot  long  weir,  4.5  feet  deep, 
which  has  flashboards.  The  outlet  channel  is  masonry. 
There  are  vertical  cracks  in  the  spillway  sidewalls. 
The  masonry  outlet  channel  is  breaking  up  in  places. 

The  pond  is  used  for  fishing  and  wildlife  protection. 
The  Soil  Conservation  Service  was  unable  to  obtain 
ownership  information. 
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Location: 


Surface 

Elevation 

840 


SITE  CP-2948  (Brigham  Pond) 


On  the  West  Branch  of  the  Ware  River  at  Worcester 
Road  in  Hubbardston,  Mass. 


Barre,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

50 


Height  of 
Dam  (Ft.) 
19 


Drainage  Area 
(Acres)  (Sq,  Mi.) 
8300  13.0 


Potential 

for 

Expansion: 
Remarks : 


Ownership 

and 

Use: 


Location: 


Surface 

Elevation 

909 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Limited;  the  pond  is  surrounded  by  roads,  including 
State  Route  68.  Any  expansion  would  also  require 
extensive  diking. 

The  dam  is  a 250  foot  long  earth  and  stone  rubble 
structure  with  a 20  foot  top  width.  The  principal 
spillway  inlet  is  a 6 foot  square  box  inlet  drop  struc-r 
ture;  the  outlet  conduit  is  a 4 foot  diameter  pipe. 

The  emergency  spillway,  located  on  the  right  abutment, 
is  40  feet  wide  and  riprapped.  Heavy  brush  and  trees 
are  growing  on  the  downstream  slope  of  the  dam  and  in 
the  emergency  spillway.  The  emergency  spillway  riprap 
is  breaking  up  in  places. 

The  site  is  owned  by  the  Metropolitan  District  Commission 
and  is  used  for  limited  recreation. 


SITE  CP-2949  (Asnacomet  Pond) 


On  an  unnamed  tributary  of  the  East  Branch  of  the  Ware 
River  near  Route  62  in  Hubbardston,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

130  8 1000  1.6 

The  relatively  small  drainage  area  limits  the  potential 
for  expansion. 


The  dam  is  a 680  foot  long  earth-fill  structure  with  a 14 
foot  top  width.  The  upstream  slope  is  vegetated;  the  down- 
stream slope  is  riprapped.  The  principal  spillway  inlet  is 
submerged;  the  outlet  channel  is  riprapped.  The  paved 
emergency  spillway  has  an  8 foot  bottom  width.  Seepage  is 
apparent  at  the  toe  of  the  dam  and  on  both  abutments. 


The  site  is  owned  by  the  Metropolitan  District  Commission 
and  is  used  primarily  for  recreation. 
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Location  : 


Surface 
Elevation 
flood  pool 
807 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Location: 


Surface 

Elevation 

1018 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


SITE  CP-2950  (Barre  Falls) 

On  the  East  Branch  of  the  Ware  River  near  Coldbrook 
Road  in  Barre,  Mass. 

Barre,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

flood  pool  62  36,500  57.0 

1400 

The  site  appears  to  be  developed  to  its  potential. 


The  dam  is  an  885  foot  long  earth-fill  structure  with  a 
25  foot  top  width.  Both  slopes  are  riprapped.  The  con- 
crete principal  spillway,  located  on  the  left  abutment,  is 
60  feet  long.  Regulation  of  the  flood  pool  is  by  two  4.5 
foot  by  9 foot  gates.  The  emergency  spillway  is  an  ogee 
weir  section  located  on  the  right  abutment.  A 3250  foot 
long  dike  is  also  used  to  contain  the  flood  pool.  Total 
capacity  of  the  site  is  24,200  acre-feet. 

The  dam  is  owned  by  the  U.S.  Army  Corps  of  Engineers.  The 
pool  area  is  owned  by  the  Metropolitan  District  Commission 
and  is  used  for  recreation  and  flood  protection. 

SITE  CP-2951  (Edson  Pond) 

On  Pomagusset  Brook  near  Route  56  in  Rutland,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq.  Mi. ) 

90  7 850  1.3 

The  relatively  small  drainage  area  limits  the  potential 
for  expansion. 


The  dam  is  part  of  the  Route  56  highway  embankment.  The 
spillway  is  a 16  foot  long  concrete  weir  that  outlets  to 
a concrete  channel;  and  then  to  a road  culvert.  There  is 
also  an  18-inch  pond  drain. 

The  site  is  owned  by  Donald  Martin  and  is  used  primarily 
for  recreation. 

^>ViHf>VVrVoWrtVVoWc/V^VVf^>VVoVVoV>V>V>VVcVoV^Vr>WoV^VoWf'^f'sV,>,oV'>VVoVVc'>V,>'oV-/V,>VVf 
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SITE  CP-2952  (Clover dale  Dam) 


Location: 


Surface 

Elevation 

991 


On  an  unnamed  brook  near  Cloverdale  Street  in  Rutland,  Mass. 


Wachusett  Mountain,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

10 


Height  of 
Dam  (Ft.) 
5 


Drainage  Area 
(Acres)  (Sq.  Mif) 
400  0.6 


Potential 

for 

Expansion: 


The  surface  area  could  be  quadrupled;  the  relatively  small 
drainage  area  limits  the  potential  for  expansion.  The 
expanded  pool  would  be  very  shallow. 


Remarks : 


Ownership 
and 
Use : 


The  dam  is  a 150  foot  long  earth-fill  structure  with  an  8 
foot  top  width.  The  spillway  is  a 1.5  foot  wide  stone  and 
concrete  weir  with  flashboards.  The  downstream  slope  of  the 
dam  has  light  brush  and  trees  growing  on  it. 


The  site  is  owned  by  Embert  Stevens  and  is  used  for  fishing 
and  wildlife  preservation. 


SITE  CP-2953  (Moulton  Pond) 


Location: 


Surface 

Elevation 

1009 

Potential 

for 

Expansion: 
Remarks : 


Ownership 

and 

Use: 


On  Mill  Brook  at  Pomagusset  Road  in  Rutland,  Mass. 

Wachusett  Mountain,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

75  14  650  1.0 

The  relatively  small  drainage  area  limits  the  potential 
for  expansion. 


The  dam  is  an  earth-fill  structure  with  a rock  masonry 
channel  fitted  for  stop  logs  for  water  control.  There  is 
also  a gated  outlet  for  draining  the  pond.  The  downstream 
slope  has  heavy  brush  and  small  trees  growing  on  it;  the 
upstream  slope  has  moderate  brush  growing.  The  stop  logs 
need  repair. 


The  site  is  owned  by  Henry  Rutland  and  is  used  for  fishing 
and  wildlife  protection.  The  Metropolitan  District 
Commission  owns  a small  section  of  the  pond. 


VcVfVfVfVfVfVfVfVfVfVf-sVVfVfVfycVfVfVfVfVcvVVr/VVfVfVfVfVfVcVfVcVcVcVfVf'/VVfVfVcVf /VVfVfVfVcVfVfVfVfVf 
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Location: 


Surface 

Elevation 

801 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


SITE  CP-2954 
(Muddy  Pond) 


On  an  unnamed  tributary  of  the  Ware  River  near 
Route  122  in  Oakham,  Mass. 

North  Brookfield*,  Mass.  USGS  quadrangle 


Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft . ) (Acres)  (Sq.  Mi. ) 

25  14  900  1.4 


The  surface  area  could  be  doubled  with  a very  short 
dam. 


The  dam  is  an  abandoned  Boston  and  Maine  Railroad 
embankment.  The  downstream  slope  is  gravel;  the 
upstream  slope  is  grassed.  The  spillway  is  a 4 
foot  by  5.5  foot  rock  masonry  culvert  that  passes 
through  the  railroad  embankment. 


The  site  is  owned  by  the  Metropolitan  District 
Commission  and  is  used  for  wildlife  preservation. 
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SITE  CP-2955  (Whitehall  Pond) 


l 

] 

] 

] 

] 

] 

] 

] 

] 

] 
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Location: 


Surface 

Elevation 

837 


On  an  unnamed  brook  near  Whitehall  Road  in 
Rutland,  Mass. 


Paxton,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 
175 


Height  of 
Dam  (Ft.) 
21 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
4500  7.0 


Potential 

for 

Expansion: 


Remarks : 


Ownership 

and 

Use: 


Steep  topography  limits  any  significant  increase  in 
surface  area.  Expansion  would  disrupt  an  extensive 
recreation  facility  around  the  pond  and  State  Route 
122. 

The  dam  is  part  of  a highway  embankment.  The  upstream 
face  is  riprapped.  A concrete  spillway  with  a bed- 
rock outlet  channel,  located  on  the  right  abutment, 
acts  as  the  principal  spillway.  The  axuiliary  spill- 
way is  a 52  foot  wide  concrete  ogee  weir  section. 

The  site  is  part  of  the  Rutland  State  Park  Recreation 
Area. 

The  site  is  leased  by  the  Massachusetts  Department  of 
Natural  Resources  and  is  used  for  recreation.  The  site 
is  owned  by  the  Metropolitan  District  Commission. 
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Location: 


Surface 

Elevation 

959 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


SITE  CP-2956 
(Demond  Pond) 


On  an  unnamed  brook  near  Pleasant  Dale  Road  in 
Rutland,  Mass. 

Paxton,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 
120 


Height  of 
Dam  (Ft , ) 
12 


Drainage  Area 
(Acres)  (Sq,  Mi.) 
1650  2.6 


Steep  topography  limits  any  significant  increase  in 
surface  area.  Houses  and  camps  lining  the  shore 
would  be  affected. 


The  dam  is  a 175  foot  long  earth-fill  structure  with 
a 28  foot  top  width.  Concrete  walls  support  the 
upstream  and  downstream  slopes  which  are  both  vertical. 
A field  stone  and  masonry  spillway,  14  feet  long  and 
7 feet  high  is  located  on  the  right  abutment. 


The  site  is  owned  by  the  Metropolitan  District 
Commission  and  is  used  primarily  for  recreation. 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 


Subwatershed  CP-30,  Danforth  Brook 


This  subwatershed  covers  about  3,400  acres  in  the  Town  of  Hardwick  (Worcester 
County).  Danforth  Brook  flows  southerly  through  Hardwick  to  the  confluence  with 
the  Ware  River.  Elevations  range  from  a high  of  about  1140  on  Poverty  Hill  to 
a low  of  about  540  in  Gilbertville . Geology  of  the  subwatershed  is  characterized 
by  schist  bedrock  overlain  by  10  to  20  feet  of  glacial  till. 

Six  potential  reservoir  sites  were  studied. 


SITE  CP-3001 


Location:  On  Danforth  Brook  about  350  feet  upstream  from  Jackson  Road  in 

Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°22,18"  Longitude:  72°11'30" 

Facilities  None  below  elevation  980. 

Affected: 


Geologic  The  right  abutment  is  glacial  till.  The  left  abutment  is  glacial 

Conditions:  till  underlain  by  schist  bedrock.  Depth  to  bedrock  in  the  founda- 

tion is  estimated  to  be  from  15  to  20  feet.  Waterholding  capa- 
bilities appear  to  be  good.  Borrow  material  for  dam  construction 
was  located  near  the  site. 


Engineering  The  right  abutment  is  recommended  for  the  emergency  spillway 
Notes:  location. 
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SITE  CP-3002 

Location: 

On  Danforth  Brook  about  600  feet  upstream  from  North  Road  in 
Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°22'04"  Longitude:  72°11'16" 

Facilities 

Affected: 

Facility  Elevation 

Jackson  Road  953 

Utility  poles  953 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  underlain  by  bedrock.  Depth  to 
bedrock  in  the  foundation  is  estimated  to  be  from  10  to  20  feet. 
Waterholding  capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3004 

Location: 

On  Danforth  Brook  about  1900  feet  upstream  from  Ruggles  Hill 
Road  in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°21'32"  Longitude:  72°11,13M 

Facilities 

Affected: 

Facility  Elevation 

House  911 

North  Road  908 

Utility  poles  908 

Geologic 

Conditions: 

Both  abutments  are  thin  glacial  till  underlain  by  schist  bedrock. 
The  bedrock  is  slightly  jointed  in  outcrops.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  10  to  15  feet.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  900,  a dike  will 
be  required  to  the  west  of  the  reservoir.  There  is  a breached 
dam  at  the  site. 
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Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location : 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3005 

On  Danforth  Brook  about  50  feet  upstream  from  Barre  Road  (Route 
32)  in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°20’47"  Longitude:  72°11,35" 


Facility  Elevation 

Route  32  and  utility  poles  845 

Ruggles  Road  842 

Utility  poles  842 

House  and  barn  840 


Both  abutments  are  glacial  till  underlain  by  bedrock.  Depth  to 
bedrock  in  the  foundation '.is  estimated  to  be  from  10  to  20  feet. 
Waterholding  capabilities  appear  to  be  good.  Borrow  material 
for  dam  construction  was  located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

VfVfVfV<*VfVf*VfVfVcVrVoV';V/VVf,)V'5V**VVf,)'f>WfVoVVo'oV'>VVoWf 

SITE  CP-3006 


On  Danforth  Brook  about  3400  feet  upstream  from  Gilbertville 
Road  in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°20'11"  Longitude:  72°12'03" 


Facility  Elevation 

House  850 

Two  barns,  3 silos,  shed  850 

Route  32  and  utility  poles  845 

Milk  plant  840 

Barn  and  silo  840 

House  and  barn  840 


Both  abutments  are  thin  glacial  till  underlain  by  bedrock.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  10  to  15 
feet.  Waterholding  capabilities  appear  to  be  good.  Botrow 
material  for  dam  construction  was  located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 


VcVc*VfVf***VfVfVfVoVVf**>V,>V/VV?/V,>V’>VVf/V/VVoV'>V’>V'5V'5V,>V'/'oV 
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Location: 


Facilities 
Affected : 


Geologic 

Condition: 


Engineering 
Notes : 


SITE  CP-3007 


On  Danforth  Brook  about  3300  feet  downstream  from  Gilbertville 
Road  (Route  32)  in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°19'13"  Longitude:  72°12'34" 

Facility  Elevation 

Turkey  Street  725 

Utility  poles  725 

Both  abutments  are  glacial  till  underlain  by  schist  bedrock. 
The  bedrock  is  slightly  jointed  in  outcrops.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  5 to  10  feet.  Water 
holding  capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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LEGEND 

WATERSHED  BOUNDARY 
DRAINAGE  AREA 
ABOVE  STRUCTURE 

POTENTIAL  SITE  SHOWING 
BENEFICIAL  PDOL  FOR 
LARGEST  STRUCTURE 


SOURCE- USGS  QUAD 
PETERSHAM- 1954 
WARE- 1954 


DANFORTH  BROOK  (CP-30) 

CHICOPEE  STUDY  AREA 
MASSACHUSETTS 

EXISTING  AND  POTENTIAL  RESERVOIR  SITES 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 


Subwatershed  CP-31,  Ware  River 


This  subwatershed  covers  about  37,400  acres  in  the  Towns  of  Hardwick,  New 
Braintree,  Warren  and  West  Brookfield  (Worcester  County),  Palmer  (Hampden 
County)  and  Ware  (Hampshire  County).  There  is  a U,Se  Geological  Survey 
Stream  gaging  station  on  the  Ware  River  in  Ware. 


The  Ware  River  flows  southwesterly  through  the  eastern  portion  of  the  sub- 
watershed in  the  Towns  of  New  Braintree,  Ware  and  Palmer.  Muddy  Brook  and 
Flat  Brook  are  the  major  tributaries.  Both  originate  in  Hardwick  and  flow 
southerly  to  the  confluence  in  Ware.  Elevations  range  from  a high  of  about 
1140  in  Hardwick  to  a low  of  about  310  in  Palmer.  Geology  of  the  subwatershed 
is  characterized  by  schist  bedrock  overlain  by  15  to  50  feet  of  glacial  till* 
englacial  drift  or  outwash  sand  and  gravel. 

Seventeen  potential  reservoir  sites  and  ten  existing  reservoir  sites  were 
studied. 

SITE  CP-3101 

Location:  On  Danforth  Brook  about  400  feet  upstream  from  Thresher  Road 

in  Hardwick,  Mass. 


Petersham,  Mass.  USGS  quadrangle 

Latitude:  42  23*34"  Longitude:  72°11'47" 

Facilities  Facility  Elevation 

Affected;  Thresher  Road  962 


Geologip  Both  abutments  are  glacial  till  underlain  by  schist  bedrock. 

Conditions:  Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from 

5 to  10  feet.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  near  the  site. 


Engineering  The  right  abutment  is  recommended  for  the  eroegency  spillway 
Notes:  location. 


iciekJeMcMckleJcirkJe'ieifjc'irMcicWcWcfckJckieicWetick'fe 
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SITE  CP-3102 


Location: 


Facilities 
Affected : 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 

Geologic 
Conditions :' j 


Engineering 
Notes : 


On  Danforth  Brook  about  800  feet  upstream  from  Thresher  Road 
in  Hardwick,  Mass. 


Petersham,  Mass.  USGS  quadrangle 
Latitude:  42°23'28M  Longitude:  72°11,32" 


Facility  Elevation 

Jackson  Road  985 

Utility  poles  985 

The  right  abutment  is  poorly  graded  sand  and  gravel  with  cobbles 
and  boulders.  The  left  abutment  is  glacial  till  underlain  by 
schist  bedrock.  Depth  to  bedrock  in  the  foundation  is  estimated 
to  be  from  10  to  15  feet.  About  4570  of  the  foundation  is  covered 
with  boulders.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  the  sand  and  gravel  on  the  right 
abutment.  Pervious  borrow  material  for  dam  construction  was 
located  near  the  site;  impervious  material  was  not  located. 


The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a cut- 
off through  the  sand  and  gravel  on  the  right  abutment. 


VoVVwVVfVfVfVoVVfVfVfVfVcVfVfVfVoVVfVfVfVf/VVfVoVvVVf/VVfVfV? 


SITE  CP-3103 


On  Muddy  Brook  about  4000  feet  downstream  from  Petersham  Road 
In  Hardwick,  Mass. 

Petersham,  Mass.  USGS  quadrangle 

Latitude!  42°22'43"  Longitude:  72°12'57" 

None  below  elevation  730. 


¥he  left  abutment  Is  thin  discontinuous  glacial  till  underlain  by 
bedrock.  The  right  abutment  is  glacial  till.  The  bedrock  is 
slightly  j dinted  in  outcrops.  Depth  to  bedrock  in  the  foundation 
is  estimated  to  be  from  15  to  20  feet.  Waterholding  capabilities 
appear  to  be  good.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 


VfVfV'vVVfV'VfVfVcVfVoVVfVfVfVc'sV/VVfVoVVf'/VVfVfVoV/VVfVoV/V 
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Location: 


Facilities 

Affected: 

Geologic 

Conditions: 


Engineering 

Notesi 


Location: 


Facilities 

Affected: 


Geologic 

Conditions: 


Engineering 

Notes':, 


SITE  CP- 3104 

On  Muddy  Brook  about  4350  feet  downstream  from  Greenwich  Road 
in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°21'38"  Longitude:  72°13'55" 

None  below  elevation  565. 


Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be.  from  15  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments.  Pervious  borrow  material  for 
dam  construction  was  located  near  the  site;  impervious  material 
was  not  located. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3105 

On  Muddy  Brook  at  Gaudet  and  Muddy  Brook  Roads  in  Hardwick, 

Mass . 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42^21*22"  Longitude:  72°13’54" 

Facility  Elevation 

Muddy  Brook  Road  492 

Gaudet  Road  492 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  15  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments.  Pervious  borrow  material  for 
dam  construction  was  located  near  the  site;  impervious  material 
was  not  located. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3106 

Location: 

On  an  unnamed  brook  about  700  feet  downstream  from  Muddy  Brook 
Road  in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°21'12"  Longitude:  72°13'15" 

Facilities 

Affected: 

Facility  Elevation 

Muddy  Brook  Road  700 

Geologic 
Conditions : 

The  right  abutment  is  a poorly  graded  sand  and  gravel  terrace. 

The  left  abutment  is  englacial  drift.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  10  to  20  feet.  About  307o 
of  the  foundation  is  covered  with  boulders.  Waterholding 
capabilities  appear  to  be  fair.  Leakage  is  expected  through 
the  right  abutment.  Pervious  borrow  material  for  dam  construction 
was  located  near  the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding:  capabilities  might  be  improved  by  a 
cutoff  through  the  sand  and  gravel  on  the  right  abutment. 

'k&kirkjckicickiciiirkirkickirkickirkirk'kickirkirirfrk 

SITE  CP-3107 

Location: 

On  Muddy  Brook  about  2900  feet  upstream  from  Patrill  Hollow 
Road  in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°20'49"  Longitude:  72°13'50" 

Facilities 
Affected : 

Facility  Elevation 

Muddy  Brook  Road  492 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  15  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments.  Pervious  borrow  material 
for  dam  construction  was  located  near  the  site;  impervious 
material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3108 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 

Notes? 


On  Muddy  Brook  about  3600  feet  downstream  from  Patrill  Hollow 
Road  in  Hardwick,  Mass. 


Ware,  Mass.  USGS  quadrangle 

Latitude:  42°19'47M  Longitude:  72°14'09" 


Facility  Elevation 

Muddy  Brook  Road  492 

Cottage  485 

Patrill  Hollow  Road  475 


Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  15  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments.  Pervious  borrow  material  for 
dam  construction  was  located  near  the  site;  {impervious  material 
was  not  located. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 


ycVcVf^VoVycVrVoVycVcVoV/WcVr^VVoVycVoWoWoVVoWoVyo'oV 
SITE  CP-3109 

On  Canterbury  Brook  about  350  feet  upstream  from  Greenwich  Plain 
Road  in  Hardwick,  Mass. 

Windsor  Dam,  Mass.  USGS  quadrangle 

Latitude:  42°19'19"  Longitude:  72°15'30" 


Facility 
Cottage 
Fisk  Road 
Utility  poles 


Elevation 

609 

594 

594 


The  right  abutment  is  glacial  till.  The  left  abutment  is  poorly 
graded  sand  and  gravel  outwash.  Depth  to  bedrock  in  the  founda- 
tion is  estimated  to  be  from  15  to  25  feet.  Waterholding  capa- 
bilities appear  to  be  poor.  Leakage  is  expected  through  the 
left  abutment.  Borrow  material  for  dam  construction  was  located 
near  the  site. 

The  left  abutment,  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  600,  a dike 
will  be  required  east  of  the  reservoir.  Waterholding  capabilities 
might  be  improved  by  a cutoff  through  the  sand  and  gravel  on  the 
left  abutment. 
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SITE  CP-3110 

Location: 

On  Canterbury  Brook  at  Greenwich  Plain  Road  in  Hardwick,  Mass. 
Windsor  Dam,  Mass.  USGS  quadrangle 
Latitude:  42°19,12"  Longitude:  72°15'25" 

Facilities 
Affected : 

Facility  Elevation 

Cottage  609 

Fisk  Road,  utility  poles  594 

Greenwich  Plain  Road  590 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  15  to  25 
feet.  W7aterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments.  Pervious  borrow  material  for 
dam  construction  was  located  near  the  site;  impervious  material 
was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  600,  a dike 
will  be  required  northeast  of  the  reservoir. 

SITE  CP-3111 

Location: 

On  Newton  Brook  about  900  feet  upstream  from  Ware-Greenwich 
Road  in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitudes  42C19'06"  Longitude:  72°14,59" 

Facilities 

Affected: 

Facility  Elevation 

Thayer  Road  555 

Greenwich  Plain  Road  540 

Trailer  and  garage  530 

Geologic 
Conditions : 

The  right  abutment  is  glacial  till  with  poorly  graded  sand  and 
gravel  outwash  at  the  toe  of  the  abutment.  The  left  abutment 
is  glacial  till  underlain  by  schist  bedrock.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  10  to  15  feet.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for  dam 
construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3112 

Location: 

On  an  unnamed  brook  about  700  feet  upstream  from  Turkey  Street 
in  Hardwick,  Mass. 

Ware,  Mass.  USGS  quadrangle. 

Latitude:  42°19,10"  Longitude:  72013'44" 

Facilities 
Affected : 

None  below  elevation  660. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the.  foundation  is  estimated  to  be  from  15  to  20 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments  and  the  foundation.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the.  site  is  developed  to  elevation  655,  a dike 
will  be  required  south  of  the  reservoir. 

VfVfVfVf*VfVcVf*VcVfVfVrVoV*vVVcVriV?V*<VV<,Vc,/'{,,5V'5VVc,'>VVc,,>V 

SITE  CP-3113 

Location: 

On  Flat  Brook  about  2200  feet  upstream  from  Cummings  Road  in 
Ware,  Mass. 

Windsor  Dam,  Mass.  USGS  quadrangle 
Latitude:  42°17'07"  Longitude:  72°16'20" 

Facilities 

Affected: 

Facility  Elevation 

High  tension  towers  565 

Utility  poles  565 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  15  to  20 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments.  Borrow  material  for  dam 
construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  This  site  was  also  identified  as  a potential  site  (M13C-3) 
in  the  Comprehensive  Study  of  the  Connecticut  River  Basin. 
VoV^VVfVf^VVcvVVf*VfVf>VVoV^Wo'f,>V,>'oV*Vc*,>VVoV*V«VVf 
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SITE  CP-3114 

Location: 

On  Muddy  Brook  about  400  feet  upstream  from  North  Street  in 
Ware,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°16'32"  Longitude:  72°14'37" 

Facilities 

Affected: 

Facility  Elevation 

High  tension  towers  419 

Utility  poles  419 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash  with 
cobbles.  Depth  to  bedrock  in  the  foundation  is  estimated  to 
be  from  40  to  50  feet.  Waterhoiding  capabilities  appear  to  be 
poor.  Leakage  is  expected  through  both  abutments.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3115 

Location: 

On  Flat  Brook  about  2500  feet  upstream  from  Route  32  in  Ware, 
Mass . 

Windsor  Dam,  Mass.  USGS  quadrangle 
Latitude:  42°15'16"  Longitude:  72°16'07" 

Facilities 
Affected : 

None  below  elevation  500. 

Geologic 
Conditions : 

The  right  abutment  is  glacial  till.  The  left  abutment  is  poorly 
graded  sand  and  gravel  outwash.  Granitic  bedrock  is  exposed  in 
outcrops  in  the  stream.  Waterholding  capabilities  appear  to  be 
poor.  Leakage  is  expected  through  the  left  abutment.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site.  Waterholding  capabilities 
might  be  improved  by  a cutoff  through  the  sand  and  gravel  on  the 
left  abutment. 
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Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 

Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3117 

On  an  unnamed  brook  about  200  feet  upstream  from  Gates  Road 
in  Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°11,25"  Longitude:  7 2° 18 '17" 

Facility  Elevation 

Gates  Road  410 

Utility  poles  410 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  45  to  55 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments.  Pervious  borrow  material 
for  dam  construction  was  located  near  the  site;  impervious 
material  was  not  located. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

'.‘fVfVcVcVc'jVVcVfVfVfVo'c'sVVf^VVfVf'sWoWoVVfVo'oWf'j’fsWc'VoWc'sWf 

SITE  CP-3118 

On  an  unnamed  brook  about  1850  feet  upstream  from  Gates  Road 
in  Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°11’15"  Longitude:  72°18'35" 

Facility  Elevation 

High  tension  towers  440 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  20  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments  and  the  foundation.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3119 
(Patrill  Hollow  Pond) 


Location: 


Surface 

Elevation 

485 


On  Muddy  Brook  near  Patrill  Hollow  Road  in 
Hardwick,  Mass. 


Ware,  Mass. 

Surface  Area 
(Acres) 

20 


USGS  quadrangle 

Height  of 
Dam  (Ft.) 


6 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
5575  8.7 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


It  appears  that  the  site  could  be  expanded  to  a 200 
acre  pool  with  a 60  foot  high  dam. 


The  dam  is  a 45  foot  long  concrete  structure  with 
flashboards  to  control  the  water  level.  The  pond 
has  a 24"  diameter  drain. 

The  site  is  owned  by  Mr.  Mixter  and  is  used  for 
wildlife  preservation. 
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Location: 


Surface 

Elevation 

405 


Potential 

for 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


SITE  CP-3120 
(Pepper  Mill  Pond) 

On  Beaver  Brook  north  of  Route  9 in  Ware,  Mass. 
Winsor  Dam,  Mass.  USGS  quadrangle 


Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

10  10  1700  2.7 


Expansion  is  severely  limited  by  the  Route  9 highway 
embankment  and  the  Goodnough  Dike  at  Quabbin  Reservoir. 


The  dam  is  an  earth-fill  structure.  The  principal 
spillway,  a combination  drop  chute  fitted  with  flash- 
boards,  has  an  8 foot  weir  length  and  a 3 foot  weir 
depth.  The  emergency  spillway,  located  to  the  left 
of  the  principal  spillway,  is  a concrete  channel. 

The  concrete  in  the  emergency  spillway  channel  is 
badly  cracked.  There  is  heavy  brush  growing  on  the 
downstream  slope  of  the  dam. 

The  site  is  owned  by  the  Metropolitan  District 
Commission  and  is  used  primarily  for  fishing. 


VoVVoVVoVVfVoVVcVcVfVoVVcVfVfVfVcVfVoWcVoV'jV/VVoWfVcVfVoV'iWfVoVyVVoWf'/VVoVVoVVfVf** 
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SITE  CP-3122  (Beaver  Lake) 

Location: 

On  Beaver  Brook  at  Babcock  Tavern  Road  in  Ware,  Mass. 
Winsor  Dam,  Mass.  USGS  quadrangle 

Surface 

Elevation 

284 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

155  13  3550  5.6 

Potential 

for 

Expansion: 

Limited;  many  roads,  houses,  and  cottages  would  be 
affected . 

Remarks : 

The  dam  is  a 130  foot  long  earth-fill  structure  with  a 
14  foot  widecconcrate.  drop  s^illwfty,  ffitted.. with  f Lash- 
boards.  Babcock  Tavern  Road  is  bridged  over  the  outlet 
channel  and  abuts  the  rest  of  the  dam. 

Ownership 
and 
Use : 

The  site  is  owned  by  Beaver  Lake,  Inc.  and  is  used 
primarily  for  recreation. 

VfVf*VcVfVfVfVf*VrVfVfVfVcVfVcVfVoVVoVVfVcVo’oV*VoVVc,vV'>V,>WoWoV'>VVc,>V/VVcVc''}V/V,>W(,*V->V'>V,>VVf 

SITE  CP-3123  (Ware  Industries  Dam) 

Location: 

On  the  Ware  River  north  of  the  Route  9 bridge  in  Ware, 
Mass. 

Ware,  Mass.  USGS  quadrangle 

Surface 

Elevation 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

( Elevation  and  area  were  not  20  106,600  166.6 

determined  for  river  dams.) 


Potential 

for 

Expansion: 

Limited;  houses  line  the  left  abutment  where  the  present 
water  level  approaches  the  bank  elevation. 

Remarks : 

The  dam  is  a 100  foot  long  concrete  weir  structure.  There 
is  a catwalk  on  the  right  abutment  which  leads  to  a con- 
trol house.  Flow  from  the  upstream  side  of  the  dam  is 
diverted  through  the  control  house  to  a canal  which  passes 
beneath  Route  9 to  a factory  complex. 

Ownership 
and 
Use : 

The  site  is  owned  by  Ware  Industries,  Inc.  and  is  used 
for  industrial  purposes. 

ickieicirMriekirkirMvkiijckjck&jvkicicielcieMrickjcHcticMc&Jckiekirkicjrkicick 
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Location: 


Surface 

Elevation 

363 

Potential 

for 

Expansion: 


Remarks : 


Ownerhip 
and 
Use : 


SITE  CP-3124 
(Pattaquatic  Pond) 


On  an  unnamed  short  tributary  to  the  Ware  River 
at  Camp  Ramah  Road  in  Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft , ) (Acres)  (Sq.  Mi.) 

20  4 

Limited;  Camp  Ramah  surrounds  the  Pond. 


The  dam  is  a 200  foot  long  earth-fill  structure 
which  serves  as  Camp  Ramah  Road.  The  spillway 
is  a concrete  drop  structure  with  stop  logs. 
Both  the  upstream  and  downstream  slopes  have 
trees  and  brush  growing  on  them. 


The  site  is  owned  by  Camp  Ramah,  Inc.  and  is  used 
primarily  for  recreation.  This  is  an  enlarged  great 
pond  open  to  public  use. 
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Location: 


Surface 

Elevation 

369 


Potential 

for 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


SITE  CP-3125 
(Forest  Lake  ) 


On  an  unnamed  short  tributary  to  the  Ware  River 
near  River  Street  in  Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle 


Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

50  5 2250  3.5 


Limited;  houses  along  the  shore  and  the  State  Fish 
Hatchery  located  upstream  would  be  affected. 


The  dam  is  a 30  foot  long  field  stone  structure  with 
one  foot  high  flashboards.  There  is  leakage  through 
the  flashboards  and  the  dam  itself. 


The  site  is  owned  by  Forest  Lake  Park  Co.,  Inc. 
and  is  used  primarily  for  recreation.  This  is  an 
enlarged  great  pond  open  to  public  use. 
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SITE  CP-3126 

(Diamond  National  Lower  Dam) 


Location: 


On  the  Ware  River  near  Main  Street  in  the  village 
of  Thorndike,  Palmer,  Mass. 


Palmer,  Mass.  USGS  quadrangle 


Surface  Surface  Area 

Elevation  (Acres ) 

(Elevation  and  area  were  not 
determined  for  river  dams. ) 


Height  of 
Dam  (Ft.) 
20 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
137,900  215.5 


Potential  Very  limited;  new  houses  line  both  banks  of  the  river, 

for 

Expansion: 


Remarks:  The  dam  is  a 125  foot  long  concrete  weir  structure. 

There  is  a canal  sluiceway  in  the  right  abutment 
which  diverts  water  to  the  Diamond  National  plant. 
Masonry  on  the  left  sidewall  is  crumbling. 

Ownership  The  site  is  owned  by  the  Diamond  National  Corporation 

and  and  is  used  for  industrial  purposes. 

Use: 
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SITE  CP-3127 

(Diamond  National  Upper  Dam) 

Location:  On  the  Ware  River  near  Pleasant  Street  in  the 

village  of  Thorndike,  Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle 


Surface  Surface  Area 

Elevation  (Acres ) 

(Elevation  and  area  were  not 
determined  for  river  dams.) 


Height  of 
Dam  (Ft.) 
20 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
137,600  215.0 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Limited;  the  Penn-Central  Railroad  is  about  10  feet 
above  the  present  water  level.  The  steep  topography- 
limits  any  significant  increase  in  surface  area. 

The  dam  is  a 125  foot  long  concrete  weir  structure. 

A canal  and  gatehouse  on  the  right  abutment  divert 
water  to  the  Diamond  National  plant. 

The  site  is  owned  by  the  Diamond  National  Corporation 
and  is  used  for  industrial  purposes. 
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Location: 


Surface 

Elevation 

564 


Potential 

for 

Expansion: 


Remarks : 


Ownership 

and 

Use: 


SITE  CP-3128 
(Thompson  Lake) 


On  an  unnamed  brook  near  Smith  Street  in  Palmer,  Mass. 
Palmer,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

30 


Height  of 
Dam  (Ft . ) 
8 


Drainage  Area 

(Acres ) (Sq.  Mi.) 

250  0.4 


Limited;  many  houses  line  the  shore.  The  small  drainage 
area  also  limits  the  potential  for  expansion. 


The  dam  is  a 32  foot  long  stone  masonry  structure 
with  a concrete  chute.  The  principal  spillway  is  a 
4 foot  wide  notch  about  1.5  feet  below  the  emergency 
spillway,  which  is  the  top  of  the  dam.  There  are  some 
cracks  along  the  inlet  and  crest  of  the  principal 
spillway.  Concrete  is  spalling  on  the  edges  of  the 
principal  and  emergency  spillways. 


The  site  is  owned  by  the  Lake  Thompson  Civic 
Association,  Inc.  and  is  used  primarily  for  recreation. 


STUDY  AREA-CH ICCPEE  RIVER  SUBWATERSHED-WARE  RIVER 
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CHICOPEE  STUDY  AREA 

MASSACHUSETTS 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 

Subwatershed  CP- 32,  Upper  Quaboag  River 


The  Upper  Quaboag  River  subwatershed  covers  94,600  acres  in  the  Towns  of 
Brookfield,  East  Brookfield,  Charlton,  Leicester,  New  Braintree,  North 
Brookfield,  Oakham,  Palmer,  Paxton,  Rutland,  Spencer,  Sturbridge,  and 
Warren,  (Worcester  County)  and  Ware  (Hampshire  County).  There  is  a U.S. 
Geological  Survey  stream  gaging  station  on  the  Sevenmile  River  in  Spencer. 

The  Upper  Quaboag  River  Watershed  is  currently  in  the  operations  phase  of  a 
Watershed  Protection  and  Flood  Prevention  Project  under  Public  Law  566. 

Structural  measures  include  two  single  purpose  floodwater  retarding  dams, 
seven  multi-purpose  reservoirs  and  a floodwall.  Four  of  the  dams  and  the 
floodwall  have  been  constructed.  The  five  remaining  structures  are  being 
planned  or  designed.  Data  for  these  PL-566  sites  are  included  in  this  report. 

The  Quaboag  River  originates  in  Spencer  and  flows  generally  westerly  through 
East  Brookfield,  Brookfield,  West  Brookfield  and  Warren.  Major  tributaries 
are:  Sucker  Brook,  which  originates  in  New  Braintree  and  flows  southwesterly 
to  the  confluence  in  West  Brookfield;  Fivemile  River,  which  originates  in 
Oakham  and  flows  southerly  to  the  confluence  in  East  Brookfield;  and  Sevenmile 
River,  which  originates  in  Oakham  and  flows  southwesterly  to  the  confluence  in 
Spencer.  Elevations  range  from  a high  of  about  1220  in  Paxton  to  a low  of  about 
450  in  Palmer.  Geology  of  the  subwatershed  is  characterized  as  gneiss,  schist, 
or  granitic  bedrock  overlain  by  10  to  35  feet  of  outwash  sand  and  gravel, 
glacial  till  or  englacial  drift. 

Forty-eight  potential  reservoir  sites  and  twenty-six  existing  reservoir  sites 
were  studied.  Summary  Data  for  Potential  Upstream  Reservoir  Sites  are  included 
for  forty-four  sites  that  met  study  criteria.  Quaboag  Pond  and  Quacumquasit  Pond 
were  not  included  under  existing  reservoir  sites  because  they  are  not  controlled 
by  man-made  structures. 
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SITE  CP-3201 

Location: 

On  Maynard  Brook  about  1850  feet  upstream  from  Lincoln  Road  in 
Oakham,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  42°20'11"  Longitude:  72°03'08" 

Facilities 

Affected: 

None  below  elevation  950. 

Geologic 
Conditions : 

Both  abutments  are  silty  sand  and  gravel  and  englacial  drift 
with  cobbles  and  boulders.  Depth  to  bedrock  in  the  foundation 
is  estimated  to  be  from  10  to  20  feet.  Waterholding  capabilities 
appear  to  be  fair.  There  may  be  leakage  through  the  right 
abutment.  Borrow  material  for  dam  construction  was  located 
near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

'V7w?VcVwoV'V/VVr/wcVrVwf'VVc'V*-w''VVr>wr;V*/VV'/?V'V''/V‘wwV 

SITE  CP-3202 

Location: 

On  Maynard  Brook  about  2100  feet  upstream  from  North  Brookfield 
Road  in  Oakham,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  42°19'42"  Longitude:  72°02,57M 

Facilities 

Affected: 

None  below  elevation  875. 

Geologic 
Conditions : 

Both  abutments  are  englacial  drift.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  10  to  20  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

VrVr>wwVVrVrV“A'VcVwfVwWr**Vwr>W'VrV'o~/VVx'yf^V>VVw'Vw^ 
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SITE  CP-3203 

Location: 

On  Fivemile  River  about  2100  feet  upstream  from  South  Road  in 
Oakham,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  42°19’07"  Longitude:  72°02,57H 

Facilities 
Affected : 

None  below  elevation  7.70. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  30  to  35 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments  and  the  foundation.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site.  There  is  a breached  dam  at 
the  site. 

SITE  CP-3204 

Location: 

On  the  main  tributary  flowing  into  the  north  end  of  Browning 
Pond  about  800  feet  upstream  of  the  pond  in  Oakham,  Mass. 

Paxton, t Mass . USGS  quadrangle  1 " A'  ; 

Latitude:  42°19’29"  Longitude:  71°59'54" 

Facilities 
Affected : 

Facility  Elevation 

Oakham  State  Forest  810 

Three  Adirondack  shelters  800 

High  tension  towers  785 

Two  Adirondack  shelters  780 

Boy  Scout  Camp  roads  760 

Geologic 
Conditions : 

The  left  abutment  is  a kame  terrace  with  about  407o  coarse  gravel 
and  boulders.  The  right  abutment  is  glacial  till.  Depth  to 
bedrock  in  the  foundation  is  estimated  to  be  from  20  to  25  feet. 
Waterhoiding  capabilities  appear  to  be  poor.  Leakage  is  expected 
through  the  left  abutment.  Borrow  material  for  dam  construction 
was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

The  Mohegan  Council  of  the  Boy  Scouts  of  America  owns  the 
majority  of  the  site. 

VfV-  /Wo'?  Vf  K'kicixi;  irk  irkirfck  irkirkirkirkirkirkirkirk^ 
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SITE  CP-3205 

Location: 

On  an  unnamed  stream  about  2500  feet  upstream  from  Caruth 
Brook.  The  stream  junction  with  Caruth  Brook  is  about  900 
feet  upstream  from  Nanigan  Road  in  Paxton,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Latitude:  42°19'29M  Longitude:  71°58'09" 

Facilities 

Affected: 

None  below  elevation  950. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel.  Depth  to 
bedrock  in  the  foundation  is  estimated  to  be  from  15  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments.  Pervious  borrow  material  for 
dam  construction  was  located  near  the  site;  impervious  material 
was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3206 

Location: 

On  Caruth  Brook  about  1600  feet  upstream  from  Nanigan  Road  in 
Paxton,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Latitude:  42°19’14"  Longitude:  71°58'15" 

Facilities 
Affected : 

None  below  elevation  960. 

Geologic 
Conditions : 

The  left  abutment  is  poorly  graded  sand  and  gravel  outwash  high 
on  the  slope  and  englacial  drift  at  the  toe.  The  right  abutment 
is  either  englacial  drift  or  glacial  till  with  307»  cobbles  and 
boulders.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  15  to  25  feet.  Waterholding  capabilities  appear  to  be  fair 
Leakage  is  expected  through  the  sand  and  gravel  on  the  left 
abutment.  Borrow  material  for  dam  construction  was  located  near 
the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a cut- 
off through  the  sand  and  gravel  on  the  right  abutment. 
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SITE  CP-3207 

Location: 

On  the  brook  which  flows  from  Eames  Pond  to  Thompsons  Pond; 
700  feet  upstream  from  Thompsons  Pond  in  Paxton,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Latitude:  42018'16"  Longitude:  71°57'54" 

Facilities 

Affected: 

Facility  Elevation 

Breghan  Road  924 

Barn  917 

Black  Hill  Road  915 

Route  31  907 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  with  many  large  boulders  at  the 
surface.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  5 to  15  feet.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 

SITE  CP-3208 

Location: 

On  an  unnamed  brook  about  2300  feet  upstream  from  Marshall 
Street  (near  Hill  Street)  in  Paxton,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Latitude:  42°17'40"  Longitude:  71°56’08" 

Facilities 

Affected: 

Facility  Elevation 

Marshall  Road  1034 

Utility  poles  1034 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  10  to  15  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  natural  saddle  to  the  west  of  the  right  abutment  is 
recommended  for  the  emergency  spillway  location. 
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SITE  CP-3209 

Location: 

On  Sucker  Brook  about  475  feet  upstream  from  Utley  Road  in 
New  Braintree,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  42°18'57"  Longitude:  72°06'32" 

Facilities 

Affected: 

Facility  Elevation 

Barre  Road  915 

Utility  poles  915 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  over  40  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam 
construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3210 

Location: 

On  the  Sevenmile  River  about  650  feet  upstream  from  the  private 
road  that  runs  east  from  Saint  Joseph's  Abbey  in  Spencer,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°17'44"  Longitude:  72°00'14" 

Facilities 

Affected: 

Facility  Elevation 

Browning  Pond  748 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel.  Depth  to 
bedrock  in  the  foundation  is  estimated  to  be  from  20  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments  and  the  foundation.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location; 

Public 
Ownership : 

A portion  of  the  pool  extends  into  the  Oakham  State  Forest. 
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Location: 


Facilities 

Affected: 

Geologic 
Conditions : 


Engineering 
Notes : 

Public 
Ownership : 


Location: 


Facilities 

Affected: 


SITE  CP-3211 


On  an  unnamed  stream  about  3100  feet  upstream  from  a dirt  road 
in  Leicester,  Mass.  The  dirt  road  intersects  Donnelly  Cross 
Road  about  550  feet  northeast  of  Moose  Hill  Road. 


Paxton,  Mass.  USGS  quadrangle 

Latitude:  42°16'50M  Longitude:  71°56'53" 

Facility  Elevation 

House  1010 

The  left  abutment  is  thin  glacial  till  underlain  by  bedrock. 
The  right  abutment  is  thin  discontinuous  englacial  drift. 
There  is  bedrock  outcropping  in  the  stream.  Rock  is  mode- 
rately fractured.  Waterholding  capabilities  appear  to  be 
good.  Borrow  material  for  dam  construction  was  located  near 
the  site. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 


The  site  lies  within  the  Moose  Hill  Wildlife  Management  Area 
owned  by  the  Massachusetts  Division  of  Fisheries  and  Game. 
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SITE  CP-3215 

On  the  Sevenmile  River  about  4100  feet  upstream  from  Cooney 
Road  in  Spencer,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°16,30M  Longitude:  72°00,16" 


Facility 

House 


Elevation 

675 
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SITE  CP-3215  (Cont'd) 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from 
20  to  25  feet.  Waterhoiding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments  and  the  founda- 
tion. Pervious  borrow  material  for  dam  construction  was 
located  near  the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emer- 
gency spillway  may  be  required  at  this  site. 

Location: 

SITE  CP-3217 

On  Horsepond  Brook  about  2200  feet  downstream  from  Doane  Pond 
in  North  Brookfield,  Mass. 

North  Brookfield,  Mass.  USGSr  quadrangle 

Latitude:  42°16’59"  Longitude:  72°03'53" 

Facilities 

Affected: 

None  below  elevation  860. 

Geologic 
Conditions : 

The  left  abutment  is  englacial  drift  and  probably  shallow  to 
bedrock.  The  right  abutment  is  gneiss  bedrock  overlain  by 
thin  discontinuous  englacial  drift.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  5 to  10  feet.  Waterholding 
capabilities  appear  to  be  fair.  There  may  be  leakage  through 
the  sand  and  gravel  on  the  left  abutment.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a 
cutoff  through  the  sand  and  gravel  on  the  left  abutment. 
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SITE  CP-3218 

Location : 

On  Mill  Brook  about  900  feet  upstream  from  Barr  Bridge  Road 
in  New  Braintree,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°17'23"  Longitude:  72°09'36" 

Facilities 
Affected : 

Facility  Elevation 

House  and  barn  685 

Barn  678 

Geologic 
Conditions : 

The  left  abutment  is  sand  and  gravel  and  is  an  old  gravel  pit. 
The  right  abutment  is  glacial  till  high  on  the  slope  and  out- 
wash  sand  and  gravel  at  the  toe.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  over  40  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through 
both  abutments  and  the  foundation.  Pervious  material  for  dam 
construction  was  located  near  the  site;  impervious  material 
was  not  located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emer- 
gency spillway  may  be  needed  at  this  site. 

SITE  CP-3219 

Location: 

On  Mill  Brook  about  3700  feet  upstream  from  Barr  Bridge  Road  in 
New  Braintree,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°17'44"  Longitude:  72°09'17" 

Facilities 
Affected : 

Facility  Elevation 

Bridge  Road  685 

House  685 

Barn  678 

Gilbertville  Road  678 

Utility  poles  678 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  outwash  sand  and  gravel.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  10  to  15 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments  and  the  foundation.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 
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Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 
Affected : 

Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3220 


On  Meadow  Brook  about  400  feet  upstream  from  Barr  Bridge  Road 
in  New  Braintree,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°17'51"  Longitude:  72°08'33" 

Facility  Elevation 

Brookfield  Road  688 

Utility  poles  688 

The  left  abutment  is  poorly  graded  outwash  sand  and  gravel  with 
glacial  till  high  on  the  slope.  The  right  abutment  is  poorly 
graded  outwash  sand  and  gravel.  Waterholding  capabilities 
appear  to  be  poor.  Leakage  is  expected  through  both  abutments 
and  the  foundation.  Pervious  borrow  material  for  dam  construc- 
tion was  located  near  the  site;  impervious  material  was  not 
located. 


Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  the  site. 
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SITE  CP-3222 


On  an  unnamed  stream  running  parallel  to  Downey  Road  about 
2500  feet  upstream  from  Bigelow  Road  in  North  Brookfield,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°16'44"  Longitude:  72°06,00" 

None  below  elevation  840. 


Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  10  to  15  feet.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3223 

Location: 

On  Coy ^ Brook  about  1500  feet  upstream  from  Tucker  Road  in 
North  Brookfield,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42015'49"  Longitude:  72°06'26" 

Facilities 

Affected: 

Facility  Elevation 

Bigelow  Road  730 

Waite  Corner  Road  730 

Utility  poles  730 

House,  barn  730 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  20  feet.  Water- 
holding capabilities  appear  to  be  fair.  There  may  be  leakage 
through  the  foundation.  Borrow  material  for  dam  construction 
was  located  near  the  site. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emer- 
gency spillway  may  be  needed  at  this  site. 

SITE  CP-3224 

Location: 

On  Forget-Me-Not  Brook  about  350  feet  upstream  from  Bates 
Street  in  North  Brookfield,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°15,43M  Longitude:  72°04'42" 

Facilities 
Affected : 

Facility  Elevation 

House  847 

Elm  Street  845 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  20  feet.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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Location: 


Facilities 
Affected : 

Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 
Affected : 


SITE  CP-3228 


On  an  unnamed  stream  about  4100  feet  upstream  from  Hunt  Road 
in  West  Brookfield,  Mass.  The  stream  passes  under  the  road 
about  650  f eetunorrt'fi  .of  Nortfh  iDrookfieTd  Road.. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°15'24"  Longitude:  72°07'17" 

Facility  Elevation 

High  tension  towers  730 

The  left  abutment  is  poorly  graded  englacial  drift  and  is 
shallow  to  bedrock.  The  right  abutment  is  poorly  graded  sand 
and  gravel  outwash  with  glacial  till  high  on  the  slope..  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  10  to  15 
feet.  Waterholding  capabilities  appear  to  be  fair.  Leakage 
is  expected  through  both  abutments  and  the  foundation.  Borrow 
material  for  dam  construction  was  located  near  the  site. 


The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a 
cutoff  through  the  foundation  to  bedrock. 
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SITE  CP-3229 


On  Mill  Brook  about  2200  feet  upstream  from  Shea  Road  in  West 
Brookfield,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42°16'06"  Longitude:  72o09'34M 


Facility 
Bridge  Road 
Pierce  Road 
Barn 
House 

Two  houses,  garage 
Shed 

Two  houses,  barn 
Sawmill,  2 barns,  2 
House 

Barn,  silo 
Two  chicken  houses 
Wickaboag  Road 
Utility  poles 


Elevation 

685 

685 

678 

665 

660 

660 

650 

silos,  garage  640 

635 

630 

620 

620 

620 
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SITE  CP-3229  (continued) 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  outwash  sand  and  gravel. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from 
15  to  20  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments  and  the  foundation. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3230 

Location: 

On  an  unnamed  stream  about  1000  feet  upstream  from  Shore  Road 
in  North  Brookfield,  Mass..  The  stream  passes  under  the  road 
about  550  feet  west  of  Brookfield  Road. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°14'32"  Longitude:  72°03'23" 

Facilities 

Affected: 

None  below  elevation  675. 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  with  about  1570  cobbles  and 
boulders.  Depth  to  bedrock  in  the  foundation  is  estimated 
to  be  from  15  to  25  feet.  Waterholding  capabilities  appear 
to  be  good.  Borrow  material  for  dam  construction  was  located 
near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3231 

Location: 

On  Sucker  Brook  about  1200  feet  upstream  from  Mill  Brook  in 
West  Brookfield,  Mass. 

Ware,  Mass.  USGS  quadrangle 

Latitude:  42o15‘30"  Longitude:  72°09'12" 

Facilities 

Affected: 

Facility  Elevation 

Dirt  road  605 

Utility  poles  605 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  outwash  sand  and  gravel. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from 
30  to  35  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments  and  the  foundation. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3232 

Location: 

On  Dunn  Brook  about  450  feet  upstream  from  Slab  City  Road  in 
North  Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°14'01"  Longitude:  72°04'24" 

Facilities 

Affected: 

Facility  Elevation 

Dairy  Farm  655 

House,  2 barns  652 

House  650 

East  Brookfield  Road  648 

Town  Farm  Road  645 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  20  feet.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

/VvVVcVfVfVfVfVcVfVfVcVcVfVfVfVcVfVoVVfVo'oVVfVf'VVfVfVcVfVfVfVoV 

Location: 
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SITE  CP-3233 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 
Affected : 


Geologic 
Conditions : 


On  an  unnamed  stream  about  1400  feet  downstream  from  Howe 
Street  and  about  600  feet  upstream  from  the  Penn-Central 
Railroad  in  East  Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°13'26"  Longitude:  72°02,05" 

Facility  Elevation 

Howe  Street  625 

Utility  poles  625 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  20  feet.  Water- 
holding capabilities  appear  to  be  good.  7 Borrow  material  for 
dam  construction  was  located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 


SITE  CP-3234 


On  the  Cranberry  River  about  700  feet  upstream  from  the  Penn- 
Central  Railroad  in  Spencer,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°13’23"  Longitude:  72°00'19" 


Facility  Elevation 

Garage  690 

Garage  680 

House  673 

House  670 

Shed  665 

Cranberry  Road  660 

Howe  Recreation  Area  660 

Howe  Pond  660 

Storage  Shed  660 


Both  abutments  are  poorly  graded  outwash  sand  and  gravel.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  15  to  25 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments.  Pervious  borrow  material 
for  dam  construction  was  located  near  the  site;  impervious 
material  was  not  located. 
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SITE  CP-3234  (continued) 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

Part  of  the  reservoir  site  is  located  in  the  Spencer  State 
Forest . 

SITE  CP-3235 

Location: 

On  Coys  Brook  about  500  feet  downstream  from  Route  9 in  West 
Brookfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°13,58”  Longitude:  72°08'10" 

Facilities 

Affected: 

Facility  Elevation 

House  617 

Route  67  616 

Apartments,  house  615 

Route  9 603 

Foster  Road  603 

Utility  poles  603 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  outwash  sand  and  gravel. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  35 
to  45  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments  and  the  foundation. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emer- 
gency spillway  may  be  needed  at  this  site. 
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SITE  CP-3236 

Location: 

On  an  unnamed  tributary  to  the  Cranberry  River  about  1100 
feet  upstream  from  the  confluence  in  Spencer,  Mass..  The 
confluence  is  about  550  feet  upstream  from  Howe  Pond. 

Leicester,  Mass.  USGS  quadrangle 

Latitude:  42°12'33M  Longitude:  71059'42" 

Facilities 

Affected: 

None  below  elevation  800„ 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash  and 
are  probably  shallow  to  glacial  till.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  15  to  20  feet.  Water- 
holding capabilities  appear  to  be  poor.  Leakage  is  expected 
through  both  abutments.  Borrow  material  for  dam  construction 
was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a 
cutoff  through  the  sand  and  gravel  on  both  abutments. 

Public 
Ownership : 

A small  portion  of  the  drainage  area  is  located  within  the 
Spencer  State  Forest. 

SITE  CP-3237 

Location: 

On  the  Cranberry  River  about  1000  feet  upstream  from  Gauthier 
Road  in  Spencer,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  A2°12'16"  Longitude:  72°00'04" 

Facilities 

Affected: 

None  below  elevation  760. 

Geologic 
Conditions : 

The  right  abutment  is  poorly  graded  outwash  sand  and  gravel. 

The  left  abutment  is  englacial  drift.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  25  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through 
both  abutments  and  the  foundation.  Pervious  borrow  material 
for  dam  construction  was  located  near  the  site;  impervious 
material  was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location : 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3238 


On  Sullivan  Brook  about  100  feet  downstream  from  Old  West 
Brookfield  Road  in  Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°13'36"  Longitude:  72°10’52" 


Facility  Elevation 

Cutler  Road  643 

Barn  640 

Pump  house  630 

Garage  630 

Utility  poles  630 

Old  West  Brookfield  Road  625 


The  left  abutment  is  thin  discontinuous  englacial  drift  under- 
lain by  bedrock.  The  right  abutment  is  glacial  till  with 
schist  bedrock  outcrops  high  on  the  slope  of  the  left  abutment. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  10 
to  15  feet.  Waterholding  capabilities  appear  to  be  good.  Bor- 
row material  for  dam  construction  was  located  near  the  site. 


The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 


SITE  CP-3239 


On  Willow  Brook  about  300  feet  upstream  from  Brookfield  Road 
in  West  Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°13'10"  Longitude:  72°06'52" 

Facility  Elevation 

Devils  Elbow  Road  612 

Utility  poles  602 

The  left  abutment  is  poorly  graded  outwash  sand  and  gravel. 

The  right  abutment  is  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  25  to  30  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through 
the  left  abutment.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 

Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP- 3240 


On  Great  Brook  about  725  feet  upstream  from  Podurik  Street  in 
East  Brookfield,  Mass. 


East  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  A2°l 2 * 09 " Longitude:  72°02'54" 


Facility  Elevation 

Overhead  telephone  cable  623 

East  Sturbridge  Street  618 

Two  chicken  houses  611 

Two  houses,  warehouse  611 

Utility  poles  611 


Both  abutments  are  granitic  bedrock  overlain  by  thin  glacial 
drift.  Rock  outcrops  are  slightly  fractured  and  there  is  a 
slide  area  on  the  left  abutment.  Waterholding  capabilities 
appear  to  be  good.  Borrow  material  for  dam  construction  was 
located  near  the  site. 


Preliminary  structure  designs  indicate  that  a concrete  emer- 
gency spillway  may  be  needed  at  this  site. 


SITE  CP-3241 


On  Great  Brook  about  850  feet  upstream  from  East  Sturbridge 
Road  in  East  Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°11'31"  Longitude:  72°02'26" 

Facility  El evation 

Overhead  telephone  cable  623 

Both  abutments  are  poorly  graded  outwash  sand  and  gravel. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from 
15  to  25  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments.  Pervious  borrow 
material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3242 

Location: 

On  Naultaug  Brook  about  6500  feet  downstream  from  East  Street 
in  West  Brookfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°13'03"  Longitude:  72°09'36" 

Facilities 
Affected : 

Facility  Elevation 

Davis  Road  695 

Geologic 
Conditions : 

The  left  abutment  is  poorly  graded  outwash  sand  and  gravel. 

The  right  abutment  is  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  25  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through 
the  left  abutment.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emer- 
gency spillway  may  be  needed  at  this  site. 
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SITE  CP-3243 

Location: 

On  Naultaug  Brook  about  4500  feet  downstream  from  East  Street 
in  Warren,  Mass. 

Warren’,  Mass.  USGS  quadrangle 

Latitude:  42°12'45"  Longitude:  72°09'34" 

Facilities 

Affected: 

Facility  Elevation 

House,  barn  735 

Sharty  Road  695 

East  Street  665 

Utility  poles  665 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  and  shallow  to  bedrock  high  on 
the  slope  with  lacustrine  silt  deposits  at  the  toe.  Depth  to 
bedrock  in  the  foundation  is  estimated  to  be  from  25  to  30 
feet.  Waterholding  capabilities  appear  to  be  good.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  There  is  a breached  dam  at  the  site. 
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SITE  CP-3244 

Location: 

On  Salmon  Brook  about  1300  feet  upstream  from  Long  Hill  Road 
in  Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 
Latitude:  42°12'10M  Longitude:  72°07'29 

Facilities 

Affected: 

None  below  elevation  650. 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  and  are  probably  shallow  to 
bedrock.  The  foundation  may  consist  of  clay,  silt,  and 
stratified  sand  and  gravel.  Depth  to  bedrock  in  the  founda- 
tion is  estimated  to  be  from  40  to  50  feet.  Waterholding 
capabilities  appear  to  be  good.  There  could  be  some  leakage 
through  the  gravel  in  the  foundation.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3245 

Location: 

On  Salmon  Brook  about  3500  feet  upstream  from  Long  Hill  Road 
in  Brookfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°11'51"  Longitude:  72°07'40" 

Facilities 
Affected : 

None  below  elevation  680. 

Geologic 
Conditions : 

The  left  abutment  is  poorly  graded  outwash  sand  and  gravel. 

The  right  abutment  is  glacial  till  and  is  shallow  to  bedrock. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from 
15  £o  25  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  the  left  abutment.  Borrow  material 
for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3246 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 

Geologic 
Conditions : 


Engineering 
Notes : 


On  O'Neil  Brook  at  Town  Farm  Road  in  Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°13'47"  Longitude:  72°13'21" 


Facility  Elevation 

House,  barn,  sheds  835 

Town  Farm  Road  835 

Utility  poles  835 

High  tension  towers  835 


Both  abutments  are  glacial  till  and  are  probably  shallow  to 
bedrock.  Depth  to  bedrock  in  the  foundation  is  estimated  to 
be  from  10  to  15  feet.  Waterholding  capabilities  appear  to 
be  good.  Borrow  material  for  dam  construction  was  located 
near  the  site. 


The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 


SITE  CP-3247 

On  an  unnamed  stream  about  1400  feet  upstream  from  Rice 
Corner  Cross  Road  in  Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°10'33M  Longitude:  72°05'07M 

None  below  elevation  740. 


The  left  abutment  is  glacial  till  and  is  probably  shallow  to 
bedrock.  The  right  abutment  i's  glacial  till  or  englacial 
drift  and  is  shallow  to  bedrock.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  10  to  15  feet.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3248 

Location: 

On  School  Street  Brook  about  2650  feet  upstream  from  Boston 
Road  (Route  67)  in  Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°13'07"  Longitude:  72°14,30" 

Facilities 
Affected : 

None  below  elevation  590. 

Geologic 
Conditions : 

Both  abutments  are  feldspar  granite  schist  overlain  by  thin 
discontinuous  englacial  drift.  The  bedrock  is  slightly 
jointed.  Grey  schist  outcrops  in  the  foundation.  Water- 
holding capabilities  appear  to  be  good.  Borrow  material  for 
dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3249 

Location: 

On  O’Neil  Brook  about  1100  feet  upstream  from  Old  West  Warren 
Road  in  Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°13'10"  Longitude:  72°13'23" 

Facilities 

Affected: 

Facility  Elevation 

House,  barn  680 

House  670 

O'Neil  Road  645 

Utility  poles  645 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  and  are  probably  shallow  to 
bedrock.  Gneiss  bedrock  outcrops  high  on  the  right  abutment. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  10 
to  15  feet.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  near  the  site 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3250 

Location: 

On  Cheney  Brook  about  700  feet  upstream  from  Boston  Road  in 
Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°13,02"  Longitude:  72°12'21" 

Facilities 

Affected: 

None  below  elevation  640. 

Geologic 
Conditions : 

Both  abutments  are  thin  discontinuous  glacial  till  underlain 
by  bedrock.  Grey  schist  outcrops  high  on  both  abutments. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  10 
to  15  feet.  Waterholding  capabilities  appear  to  be  good. 

Borrow  material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3251 

Location: 

On  Naultaug  Brook  about  500  feet  upstream  from  East  Street  in 
Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°11'58"  Longitude:  72°09'50" 

Facilities 

Affected: 

None  below  elevation  850. 

Geologic 
Conditions : 

The  left  abutment  is  gneiss  bedrock.  The  right  abutment  is 
poorly  graded  outwash  sand  and  gravel  with  glacial  till  high 
on  the  slope.  Depth  to  bedrock  in  the  foundation  is  estimated 
to  be  from  10  to  15  feet.  Waterholding  capabilities  appear  to 
be  fair  to  poor.  Leakage  is  expected  through  the  right  abut- 
ment. Borrow  material  for  dam  construction  was  located  near 
the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3252 

Location : 

On  an  unnamed  stream  about  1350  feet  upstream  from  the  south 
end  of  the  Comins  Pond  in  Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°11'52"  Longitude:  72°11'56" 

Facilities 
Affected : 

Facility  Elevation 

House  690 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel.  Depth  to 
bedrock  in  the  foundation  is  estimated  to  be  from  5 to  15 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments  and  the  foundation. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3253 

Location: 

On  an  unnamed  stream  running  parallel  to  Warren-Brimf ield 
Road  about  2750  feet  upstream  from  Crough  Road  in  Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°U'52"  Longitude:  72°13'33" 

Facilities 

Affected: 

None  below  elevation  680. 

Geologic 
Conditions : 

The  left  abutment  is  poorly  graded  sand  and  gravel  at  the  low 
elevations  and  bedrock  at  higher  elevations.  The  right  abut- 
ment is  poorly  graded  sand  with  some  gravel  and  glacial  till; 
shallow  to  bedrock.  Depth  to  bedrock  in  the  foundation  is 
estimated  to  be  from  10  to  15  feet.  Waterholding  capabilities 
appear  to  be  fair.  Leakage  is  expected  through  the  sand  and 
gravel  on  both  abutments.  Borrow  material  for  dam  construction 
was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilitiesnmight  be  improved  by  a 
cutoff  through  the  sand  and  gravel  on  both  abutments. 
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SITE  CP-3254 


Location: 


Facilities 
Affected : 

Geologic 
Conditions : 


Engineering 
Notes : 

Public 
Ownership : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


On  Burr  Brook  about  2500  feet  upstream  from  the  Quaboag 
River  in  Brookfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°12'31"  Longitude:  72°07'59" 

None  below  elevation  655 


The  left  abutment  is  glacial  till.  The  right  abutment  is 
poorly  graded  sand  and  gravel  outwash.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  15  to  25  feet.  Water- 
holding capabilities  appear  to  be  fair  to  poor.  Leakage  is 
expected  through  both  abutments  and  the  foundation.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

The  site  is  within  the  Quaboag  Wildlife  Management  Area  owned 
by  the  Massachusetts  Division  of  Fisheries  and  Game. 


SITE  CP-3255 


On  North  Brook  about  850  feet  downstream  from  Barnes  Road  in 
North  Brookfield,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°17'58M  Longitude:  72°03'48" 


Facility  Elevation 

House  910 

House,  2 sheds  900 

House,  garage  900 

Barnes  Road,  utility  poles  879 


Both  abutments  are  poorly  graded  sand  and  gravel  outwash. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  15 
to  25  feet.  Waterholding  capabilities  appear  to  be  fair  to 
poor.  Leakage  is  expected  through  both  abutments  and  the 
foundation.  Pervious  material  for  dam  construction  was  located 
near  the  site;  impervious  material  was  not  located. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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Location: 


Surface 

Elevation 

1012 


Potential 

for 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


SITE  CP-3256 
(Turkey  Hill  Pond) 


On  Turkey  Hill  Brook  near  Brooks  Road  in  Paxton, 
Mass . 


Paxton,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

95 


Height  of 
Dam  (Ft.) 
3 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
700  1.1 


Limited;  the  pond  is  located  in  a residential  area. 
The  relatively  small  drainage  area  also  limits  the 
expansion  potential. 


The  dam  is  a 10  foot  long  concrete  structure.  The 
concrete  in  the  dam  is  spalling  and  the  fill  around 
the  edges  of  the  concrete  has  been  washed  away. 


The  site  is  owned  by  Linwood  Erskine  and  is  used 
primarily  for  recreation.  This  is  an  enlarged  great 
pond  open  to  public  use. 
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SITE  CP-3257  (Dean  Pond) 


Location: 


Surface 

Elevation 

801 

Potential 

for 

Expansion: 
Remarks : 


Ownership 

and 

Use: 


On  Fivemile  River  near  Spencer  Road  in  Oakham,  Mass. 
North  Brookfield,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

65 


Height  of 
Dam  (Ft.) 
8 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
1600  2.5 


Limited;  many  houses  line  the  shore. 


The  dam  is  a 120  foot  long  earth-fill  structure  with 
a 10  foot  top  width.  The  principal  spillway  is  a 
concrete  weir,  7.5  feet  wide  and  2.5  feet  deep. 

The  site  is  owned  by  Sylvester  Dean  and  is  used 
primarily  for  recreation. 
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SITE  CP-3258  (Eames  Pond) 


Location: 


Surface 

Elevation 

100 

Potential 

for 

Expansion : 


Remarks : 


Ownership 

and 

Use: 


On  Turkey  Hill  Brook  near  Mill  Street  in  Paxton,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

55  12  1550  2.4 

The  surface  area  could  nearly  be  quadrupled;  however, 

' the  larger  surface  area  together  with  Turkey  Hill  Pond 
(Site  CP-3256)  in  the  same  drainage  area  might  result 
in  excessive  evaporation  losses. 

The  dam  is  a 210  foot  long  earth-fill  and  stone  rubble 
structure  with  a 7'  foot  top  width.  The  upstream  slope  is 
vegetated;  the  downstream  slope  is  vertical  and  faced  with 
stone.  The  spillway  is  a two-stage  weir  structure.  The 
first  stage  has  a box  inlet  with  a 5 foot  long  weir  and  a 
3 foot  square  fieldstone  conduit.  The  second  stage  is 
a broad  crested  concrete  weir,  18  feet  wide  and  25  feet 
long.  The  concrete  in  the  right  sidewall  is  spalling 
ahd  several  stones  are  missing  from  the  outlet  channel. 

The  Pond  is  owned  by  Paul  Spaulding.  The  Massachusetts 
Department  of  Natural  Resources  owns  land  surrounding 
the  Pond.  The  site  is  used  primarily  for  recreation. 

SITE  CP-3259  (Browning  Pond) 


Location: 


Surface 

Elevation 

748 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  Sevenmile  River  at  Browning  Pond  Road  in  Spencer,  Mass. 


Paxton,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 
100 


Height  of 
Dam  (Ft . ) 
6 


Drainage  Area 
(Acres)  (Sq.  Mi. ) 
2200  3.4 


Limited;  houses  line  the  shore.  Steep  topograpy  limits 
any  significant  increase  in  surface  area. 


The  dam  is  a 140  foot  long  earth-fill  structure  with  rubble 
retaining  walls.  The  upstream  slope,  above  the  waterline, 
is  vertical.  The  principal  spillway  is  constructed  of 
stone  masonry.  Both  abutments  have  heavy  brush  and  trees 
growing  on  them.  Large  sections  of  the  stone  masonry  in 
the  spillway  have  fallen  into  the  outlet  channel. 


The  site  is  owned  by  the  Mann  and  Stevens  Wool  Co.  and 
is  used  primarily  for  recreation. 
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SITE  CP- 3260  (Thompsons  Pond) 


Location : 


Surface 

Elevation 

863 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  Turkey  Hill  Brook  near  Camp  Marshall  Road  in 
Spencer,  Mass. 

Paxton,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 
115 


Height  of 
Dam  (Ft . ) 
21 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
7400  11.6 


Limited;  houses  and  cottages  line  the  shore. 


The  dam  is  a 250  foot  long  earth-fill  structure  with  a 
12  foot  top  width.  The  upstream  slope  is  riprapped,  the 
downstream  slope  has  vegetation.  The  principal  spillway 
is  a 40  foot  wide  concrete  chute.  Moderate  brush  is 
growing  on  the  downstream  slope;  light  brush  is  growing 
on  the  upstream  slope. 


The  site  is  owned  by  the  Massachusetts  Department  of 
Natural  Resources  and  is  leased  by  the  4-H  Club.  The 
site  is  used  primarily  for  recreation. 
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SITE  CP-3261  (Cusky  Pond) 


Location: 


Surface 

Elevation 

979 

Potential 

for 

Expansion: 


On  an  unnamed  tributary  of  Sucker  Brook  near  Barre 
Road  in  New  Braintree,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

30  5 450  0.7 

The  relatively  small  drainage  area  limits  the  expansion 
potential . 


Remarks : 


Ownership 
and 
Use : 


The  dam  is  a 260  foot  long  earth-fill  structure  with  a 20 
foot  top  width.  The  outlet,  located  on  the  left  abutment* 
is  a vegetated  trapezoidal  channel  with  a 4 foot  bottom 
width.  There  is  also  a vegetated  emergency  spillway  on 
the  right  abutment.  There  is  a moderate  amount  of  brush 
growing  on  the  dam. 


The  site  is  owned  by  Lewis  King  and  is  a private  fishing 
pool . 
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SITE  CP-3262 
(Buck  Hill  Reservoir) 


Location: 


Surface 
Elevation 
Approx.  840 


On  an  unnamed  brook  near  McCormack  Road  in 
Spencer,  Mass. 


Paxton,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

10 


Height  of 
Dam  (Ft.) 
14 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
60  0.1 


Potential  The  very  small  drainage  area  limits  expansion 

for  potential. 

Expansion: 


Remarks : 


Ownership 

and 

Use: 


The  dam  is  a 400  foot  long  earth-fill  structure. 

Both  abutments  are  vegetated.  The  principal  spillway 
is  a 72  foot  long,  18  inch  diameter  corrugated  metal 
pipe.  The  pond  drain  is  a 10  inch  pipe. 

The  site  is  owned  by  the  Massachusetts  Department  of 
Natural  Resources  and  is  leased  by  the  4-H  Club.  The 
primary  use  is  wildlife  protection. 
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Location: 


Surface 

Elevation 

665 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


SITE  CP-3263  (Brooks  Pond) 


On  Fivemile  River  near  Brooks  Pond  in  North 
Brookfield,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

185  15  8300  13.0 

Limited;  many  houses  and  cottages  line  the  shore. 

The  steep  topography  limits  any  significant  increase 
in  surface  area. 

The  dam  is  a 250  foot  long  earth  and  rock-fill 
structure  with  a 30  foot  top  width.  The  principal 
spillway  is  a 35  foot  long  crescent-shaped  concrete 
weir. 

The  site  is  owned  by  the  Daniels  Manufacturing  Co. 
and  is  used  primarily  for  recreation. 
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SITE  CP-3264  (Sugden  Reservoir) 


Location: 


Surface 

Elevation 

839 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  an  unnamed  tributary  of  Turkey  Hill  Brook  near 
Paxton  Road  in  Spencer,  Mass. 

Paxton,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

90 


Height  of 
Dam  (Ft.) 
30 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
3700  5.8 


Limited;  many  houses  line  the  shore. 


The  dam  is  a 325  foot  long  earth-fill  structure  with 
a 10  foot  top  width.  The  downstream  slope  is  grassed; 
the  upstream  slope  has  rock  riprap.  The  principal 
spillway  is  composed  of  two  straight  sections  of  ogee 
weir.  A concrete  lip  at  the  end  of  the  outlet  channel 
acts  as  a stilling  basin. 

The  site  is  owned  by  the  Wickwire- Spencer  Steel 
Corporation  and  is  used  primarily  for  recreation. 

Water  rights  are  owned  by  the  Town  of  Spencer. 
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Location  : 


Surface 

Elevation 

993 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Location: 


Surface 

Elevation 

649.5 

Potential 

for 

Expansion : 
Remarks : 


Ownership 

and 

Use: 


SITE  CP-3265  (Shaw  Pond) 

On  Shaw  Brook  near  Bond  Street  in  Leicester,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

70  4 300  0.5 

The  relatively  small  drainage  area  limits  the  potential 
for  expansion. 


The  dam  is  a 550  foot  long  earth-fill  structure  with  a 
30  foot  top  width.  The  upstream  slope  has  rock  riprap; 
the  downstream  slope  is  covered  with  heavy  brush  growth. 
The  principal  spillway  is  an  8 foot  long  concrete  weir 
with  stop  logs. 

The  site  is  owned  by  the  Town  of  Leicester  and  is  used 
for  a water  supply  reservoir. 


it  VoWo’oV ~ 
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SITE  CP-3266  (Kittredge  Dam) 

On  an  unnamed  tributary  of  Fivemile  River  north  of 
Kittredge  Road  in  North  Brookfield,  Mass. 


North  Brookfield,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

7 


Height  of 
Dam  (Ft.) 
27 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
1100  1.7 


The  existing  pool  does  not  maintain  its  maximum  ele- 
vation during  the  summer  months. 


The  dam  is  a 1200  foot  long  earth-fill  structure  with  a 
12  foot  top  width.  The  principal  spillway  is  a 30  inch 
diameter  concrete  conduit  with  a riser  inlet  structure. 
The  riser  is  equipped  with  stop  logs  to  control  the  water 
level.  The  vegetated  emergency  spillway  is  225  feet  wide 
The  site  has  capacity  for  4 acre-feet  of  sediment  storage 
19  acre-feet  for  fish  and  wildlife  improvement,  and  437 
acre-feet  for  floodwater. 

The  site  is  owned  by  the  Commonwealth  of  Massachusetts- 
Water  Resources  Commission  and  is  used  for  fish  and 
wildlife  and  flood  protection.  The  dam  was  built  as  part 
of  the  Upper  Quaboag  River  PL-566  Watershed  Project. 
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Location: 


Surface 

Elevation 

916 


Potential 

for 

Expansion: 


Remarks : 


Onwership 
and 
Use : 


SITE  CP-3267 
(Horse  Pond) 


On  an  unnamed  brook  at  Pond  Road  in  North 
Brookfield,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

60 


Height  of 
Dam  (Ft.) 

31 


Drainage  Area 
(Acres)  (Sq.  Mi. ) 
1050  1.6 


Steep  topography  limits  any  significant  increase  in 
surface  area.  It  appears  that  storage  volume  can  be 
increased  by  about  1000  acre-feet. 


The  dam  is  a 415  foot  long  earth-fill  and  stone 
rubble  structure  with  a 7 foot  top  width.  The 
upstream  slope  is  riprapped.  The  concrete  spillway, 
located  on  the  right  abutment,  has  a weir  length  of 
26  feet  and  a depth  of  7 feet.  There  is  a 48  inch 
gated  outlet  located  near  the  left  abutment.  The 
concrete  in  the  left  wingwall  of  the  spillway  is 
cracked;  and  concrete  is  spalling  in  the  outlet 
channel. 


The  site  is  owned  by  the  Town  of  North  Brookfield 
and  is  used  as  a water  supply  reservoir. 
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SITE  CP-3268  (Horse  Pond  Dam) 


Location: 


Surface 

Elevation 

650 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  the  Fivemile  River  north  of  Kittredge  Road  in 
North  Brookfield,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

10  34  2600  4.1 

It  appears  that  a larger  permanent  pool  could  be 
constructed  at  the  site  in  conjunction  with  the 
flood  protection  feature. 

The  dam  is  a 1000  foot  long  earth-fill  structure  with 
a 12  foot  top  width.  The  principal  spillway  is  a 30 
inch  diameter  concrete  conduit  with  a riser  inlet 
structure.  The  riser  is  equipped  with  stop  logs  to 
control  the  water  level.  The  vegetated  emergency 
spillway  is  300  feet  wide.  The  site  has  capacity  for 
13  acre- feet  of  sediment  storage,  26  acre- feet  for  fish 
and  wildlife  improvement  and  1370  acre- feet  for  flood- 
water  . 

The  site  is  owned  by  the  Commonwealth  of  Massachusetts- 
Water  Resources  Commission  and  is  used  for  fish  and 
wildlife  and  flood  protection.  The  dam  was  built  as 
part  of  the  Upper  Quaboag  River  PL-566  Watershed 
Proj  ect . 
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SITE  CP-3269  (Doane  Pond) 


Location: 


Surface 

Elevation 

896 


On  an  unnamed  brook  near  Oakham  Road  in  North 
Brookfield,  Mass. 


North  Brookfield,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

30 


Height  of 
Dam  (Ft . ) 
10 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
1550  2.4 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Limited;  steep  topography  limits  any  significant 
increase  in  surface  area.  Two  roads  and  Horse  Pond 
(Site  CP-3267)  would  be  affected. 


The  dam  is  a 290  foot  long  earth-fill  structure  with  a 
top  width  of  10  feet.  The  dam  has  a core  of  concrete 
and  sheet  piling.  The  spillway  is  a 45  foot  wide  grouted 
stone  channel.  Both  of  the  slopes  are  free  of  brush 
and  well  groomed. 


The  site  is  owned  by  the  Town  of  North  Brookfield  and 
is  used  as  a water  supply. 
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SITE  CP-3270  (Lake  Whittemore) 


Location: 


Surface 

Elevation 

884 

Potential 

for 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


On  an  unnamed  brook  near  Hastings  Road  in  Spencer,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Atea 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

55  16  400  0.6 

Limited;  many  houses  line  the  shore.  The  relatively 
small  drainage  area  limits  the  potential  for  expansion. 

Steep  topography  limits  any  significant  increase  in 
surface  area. 

The  dam  is  a 340  foot  long  earth-fill  structure  with  a 
20  foot  top  width.  The  upstream  slope  is  partially  rip- 
rapped  near  the  spillway.  The  principal  spillway  is  a 
concrete  ogee  weir,  25  feet  long  and  5.5  feet  deep.  Heavy 
brush  is  growing  on  both  the  upstream  and  downstream  slopes. 

The  site  is  owned  by  the  Town  of  Spencer  and  is  used  for 
recreation. 
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SITE  CP-3271  (Sucker  Dam) 


Location: 


Surface 
Elevation 
flood  pool 


646 


On  Sucker  Brook  near  Shea  Road  in  West  Brookfield,  Mass. 


Ware,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 
flood  pool 
62 


Height  of 
Dam  (Ft. ) 
27 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
1050  1.6 


Potential 

for 

Expansion: 


It  appears  that  a permanent  pool  could  be  constructed 
at  the  site  in  conjunction  with  the  flood  protection 
feature . 


Remarks : 


Ownership 
and 
Use : 


The  dam  is  a 1L00  foot  long  earth-fill  structure  with  a 
12  foot  top  width.  The  principal  spillway  is  a 30  inch 
diameter  concrete  conduit  with  a riser  inlet.  The  vege- 
tated emergency  spillway  is  130  feet  wide.  The  total 
floodwater  storage  in  the  site  is  603  acre-feet. 

The  site  is  owned  by  the  Commonwealth  of  Massachusetts- 
Water  Resources  Commission  and  is  used  for  flood  protection. 
The  dam  was  built  as  part  of  the  Upper  Quaboag  River  PL- 
566  Watershed  Project. 


SITE  CP-3272  (Howe  Pond) 


Location: 


Surface 

Elevation 

665 

Potential 

for 

Expansion : 


On  the  Cranberry  River  near  Meadow  Road  in  Spencer,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft , ) (Acres)  (Sq.  Mi. ) 

25  13  2400  3.8 

Limited;  the  area  surrounding  the  pond  is  a well 
developed  recreation  area. 


Remarks : 


Ownership 
and 
Use : 


The  dam  is  a 200  foot  long  earth-fill  structure  with  a 
20  foot  top  width.  The  spillway  is  a 14.5  foot  wide  stone 
masonry  weir  with  a stepped  outlet  channel.  The  dam  is 
well  maintained.  There  is  another  earth-fill  dam  upstream 
which  maintains  a 2 foot  higher  water  level.  The  spill- 
way is  an  ogee  weir  section  with  flashboards. 

The  site  is  owned  by  the  Massachusetts  Department  of 
Natural  Resources  and  is  used  primarily  for  recreation. 
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SITE  CP- 32 7 3 (Lake  Lashaway) 


Location: 


Surface 

Elevation 

614 

Potential 

for 

Expansion : 
Remarks : 


Ownership 
and 
Use : 


On  the  East  Brookfield  River  at  Route  9 in  East 
Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

285  15  16,050  25.1 

Limited;  many  houses  line  the  shore. 


The  dam  is  a 500  foot  long  earth-fill  and  stone  rubble 
structure  with  a 30  foot  top  width.  The  concrete  weir 
spillway  is  a 50  foot  long  crescent-shaped  structure. 


The  site  is  owned  by  Daniels  Manufacturing  Company  and 
is  primarily  used  for  recreation. 
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SITE  CP-3274  (Brookhaven  Lake) 


Location: 


Surface 

Elevation 

675 

Potential 

for 

Expansion : 
Remarks : 


On  an  unnamed  brook  near  Pierce  Road  in  West  Brookfield, 
Mass . 

Ware,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

30  9 1950  3.1 

Limited;  steep  topography  limits  any  significant  increase 
in  surface  area.  Route  9 and  Pierce  Road  would  be  affected 
by  an  increase  in  pool  size. 

The  dam  is  a 100  foot  long  earth-fill  structure  with  a 
15  foot  top  width.  The  upstream  slope  is  partially  rip- 
rapped.  The  principal  spillway  is  a 29  foot  long  con- 
crete weir  with  flashboards. 


Ownership 
and 
Use : 


The  site  is  owned  by  the  Brookhaven  Association  and 
is  used  primarily  for  recreation. 
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Location  : 


Surface 

Elevation 

761 

Potential 

for 

Expansion : 
Remarks : 


Ownership 

and 

Use: 


Location : 


Surface 

Elevation 

599 

Potential 

for 

Expansion: 
Remarks : 


Ownership 

and 

Use: 


SITE  CP-3275  (Cranberry  Meadow  Pond) 

On  an  unnamed  brook  near  Herbert  Julicour  Road  in 
Spencer,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

65  8.5  600  0.9 

Limited;  many  houses  line  the  shore.  The  relatively 
small  drainage  area  limits  the  potential  for  expansion. 


The  dam  is  a 140  foot  long  earth-fill  structure  with  a 
top  width  of  16  feet.  The  spillway  is  a concrete  chute, 
7.5  feet  wide  with  a 2.5  foot  deep  weir.  There  are  15- 
inch  diameter  trees  growing  on  the  top  of  the  dam.  The 
support  beneath  the  concrete  chute  has  almost  completely 
eroded. 

The  site  is  owned  by  John  Burokas  and  is  used  primarily 
for  recreation. 
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SITE  CP-3276  (Wickaboag  Pond) 

On  Mill  Brook  near  the  intersection  of  Routes  67  and 
9 in  West  Brookfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq,  Mi.) 

320  10  11,450  17.9 

Limited;  many  houses  line  the  shore. 


The  dam  is  a 200  foot  long  earth-fill  structure  with  a 
12  foot  top  width.  The  spillway  is  a 30  foot  long  timber 
crib  structure  located  on  the  left  abutment.  There  is  also 
a 4 foot  gated  corrugated  metal  pipe  near  the  timber  crib. 
Heavy  brush  and  6- inch  trees  are  growing  on  the  dam. 

The  site  is  owned  by  the  Town  of  West  Brookfield  and  is 
used  primarily  for  recreation. 
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Location: 


Surface 
Elevation 
flood  pool 
623 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Location : 


Surface 

Elevation 

617 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


SITE  CP-3277  (Lamberton  Dam) 


On  Lamberton  Brook  near  Old  Warren  Road  in  West 
Brookfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres ) ( Sq . Mi , ) 

flood  pool  26  2850  4.5 

87 

Limited;  addition  of  a permanent  pool  to  this  site 
would  raise  the  flood  pool  above  Route  9. 


The  dam  is  a 600  foot  long  earth-fill  structure  with  a 
12  foot  top  width.  The  principal  spillway  is  a 48-inch 
diameter  concrete  conduit  with  a riser  inlet.  The  vege- 
tated emergency  spillway  is  200  feet  wide.  The  total 
floodwater  storage  in  the  site  is  803  acre-feet. 


The  site  is  owned  by  the  Commonwealth  of  Massachusetts- 
Water  Resources  Commission  and  is  used  for  flood  protec- 
tion. The  dam  was  built  as  part  of  the  Upper  Quaboag 
River  PL-566  Watershed  Project. 


SITE  CP-3278  (Rice  Pond) 


On  Trout  Brook  near  the  intersection  of  Lake  and  Rice 
Corner  Roads  in  Brookfield,  Mass. 


East  Brookfield,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

15 


Height  of 
Dam  (Ft.) 
6 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
2050  3.2 


Expansion  would  interfere  with  the  proposed  Rice  Site 
(CP-3281)  being  planned  upstream  as  part  of  the  Upper 
Quaboag  River  PL-566  Watershed  Project. 

The  dam  is  part  of  the  Rice  Corner  Road  highway  embank- 
ment and  is  about  100  feet  long.  The  upstream  slope  has 
a vertical  stone  masonry  wall.  The  spillway  is  a 38.5 
foot  long  semi-circular  concrete  weir.  There  is  also  a 
30-inch  gated  drain. 


The  site  is  owned  by  the  Town  of  Brookfield  and  is  used 
primarily  for  recreation. 
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SITE  CP-3279  (Comins  Pond) 


Location : 


Surface 

Elevation 

631 


On  an  unnamed  tributary  to  the  Quaboag  River  about 
2400  feet  upstream  from  Route  19  in  Warren,  Mass. 


Warren,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

25 


Height  of 
Dam  (Ft.) 
13 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
1250  2.0 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Steep  topography  limits  any  significant  increase  in 
surface  area. 


The  dam  is  a 380  foot  long  earth-fill  structure  with  an 
8 foot  top  width.  The  spillway  is  a 31  foot  long  ogee 
concrete  weir. 

The  site  is  owned  by  Charles  E.  Rice  and  is  used  by  the 
Town  of  Warren  as  a recreation  area. 

SITE  CP-3280  (Wright  Mill  Dam) 


Location: 


On  the  Quaboag  River  about  700  feet  upstream  of  the 
Warren-Brimf ield  Road  bridge  in  Warren,  Mass. 


Warren,  Mass.  USGS  quadrangle 


Surface  Surface  Area 

Elevation  (Acres) 

(Elevation  and  area  were 
not  determined  for  river  dams.) 


Height  of 
Dam  (Ft . ) 
12 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
92,200  144.1 


Potential  Limited;  the  dam  is  located  in  an  industrial  area, 

for 

Expansion: 


Remarks:  The  dam  is  a 100  foot  long  concrete  weir  structure.  The 

left  abutment  is  a factory  building  and  the  right  abut- 
ment is  the  Penn-Central  railroad  bed. 


Ownership 

and 

Use: 


The  site  is  owned  by  the  William  E.  Wright  Company  and 
is  used  for  industrial  purposes. 
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The  following  sites  are  being  planned  as  part  of  the  Upper  Quaboag  River 
PL-566  Watershed  Project.  For  details  concerning  this  development,  con- 
tact the  U.S.  Department  of  Agriculture,  Soil  Conservation  Service,  29 
Cottage  Street,  Amherst,  Massachusetts  01002. 


SITE  CP-3281 

Location: 

On  Trout  Brook  about  400  feet  downstream  from  the  old 
Rice  Reservoir  dam  in  Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°11'30"  Longitude:  72°06'13" 

Remarks : 

This  is  the  Rice  Site  being  planned  as  a floodwater 
retarding  structure. 

SITE  CP  3282 

Location : 

On  Turkey  Hill  Brook  about  1750  feet  upstream  from 
Gold  Nugget  Road  in  Spencer,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Latitude:  42°16'35"  Longitude:  71°58'38" 

Remarks : 

This  is  the  Turkey  Hill  Site  being  planned  as  a 
multiple  purpose  low-flow  augmentation  and  flood- 
water  retarding  structure. 

SITE  CP-3283 

Location: 

On  Shaw  Brook  about  200  feet  upstream  from  Donnelly 
Cross  Road  in  Spencer,  Mass. 

Paxton,  Mass.  USGS  quadrangle 

Latitude:  42°16'18"  Longitude:  71°57,37n 

Remarks : 

This  is  the  Shaw  Site  being  planned  as  a multiple 
purpose  municipal  water  supply,  low-flow  augmentation, 
and  floodwater  retarding  structure.  The  water  supply 
feature  will  be  used  by  the  Town  of  Leicester. 

-160- 


SITE  CP-3284 


Location: 

On  the  Fivemile  River  about  1800  feet  upstream  from 
Shore  Road  in  North  Brookfield,  Mass. 

East  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°14'57"  Longitude:  72°02'31M 

Remarks : 

This  is  the  Fivemile  Site  being  planned  as  a flood- 
water  retarding  structure. 

SITE  CP-3285 

Location : 

On  the  Sevenmile  River  about  700  feet  upstream  from 
Cooney  Road  in  Spencer,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°15'59"  Longitude:  72°00'22" 

Remarks : 

This  is  the  Sevenmile  Site  which  was  investigated  as 
a possible  multiple  purpose  low-flow  augmentation  and 
floodwater  retarding  structure.  The  site  was  deleted 
from  the  plan  because  of  a lack  of  flood  prevention 
benefits  and  poor  geological  conditions. 

SITE  CP-3286 

Location: 

On  Sucker  Brook  about  1250  feet  downstream  from 
Murphy  Road  in  North  Brookfield,  Mass. 

North  Brookfield,  Mass.  USGS  quadrangle 

Latitude:  42°17'23"  Longitude:  72°07'24" 

Remarks : 

This  is  the  Meadow  Site  which  is  being  planned  as 
a multi-purpose  recreation  and  floodwater  retarding 
structure . 

161 


in 

OJ 


in 

cc 

o 

> 

ac 

UJ 

in 

UJ 

cc 

X 

< 

UJ 

cc 

3 

m 

a. 

x> 


z 

UJ 


o 

CL 


CC 

o 


< 


< 

o 

> 

CC 

<. 

x 

x 

X> 

00 


I 

i 


I 

I 


* 

* 

CO 

* 

i— 

* 

o 

cO 

* 

a 

in 

Z 3 

* 

1 

3 

* 

UJ 

3 

O' 

3 

<3 

Q 

* 

m 

<3 

* 

u 

LU 

<3 

Z 

O 

* 

o 

* 

< 

— 

3 

ac 

< 

X 

* 

1 

CO 

* 

co 

> 

< 

3 

X 

— 

* 

f\J 

CM 

* 

CL 

<3 

* 

3 

<M 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

* 

* 

O 

— • 

* 

o 

* 

* 

3 

O 

> 

* 

z> 

II 

* 

* 

3 

3 

o 

13 

* 

3 

* 

* 

►— * 

o 

* 

L- 1 

3C 

* 

* 

3 

> 

* 

■J 

O 

* 

* 

* 

z 

3 

* 

* 

* 

o 

3 

* 

* 

3 

* 

3 

* 

* 

o 

3 

* 

ac 

* 

* 

X 

3 

* 

< 

* 

< 

* 

* 

pH 

3 

* 

a 

* 

* 

H 

CL 

* 

* 

* 

1 

ac 

* 

* 

— 

* 

o 

UJ 

* 

* 

> 

3 

* 

(M 

z 

> 

* 

* 

CL 

3 

CO 

* 

1 

LL 

3 

* 

* 

o 

3 

X 

* 

<N 

CC 

* 

* 

3 

3 

*— 

* 

4 

o 

* 

* 

* 

o 

O 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

• 

< 

* 

* 

* 

o 

00 

o 

* 

* 

<r 

* 

3 

CO 

* 

ac 

* 

3 

<3 

* 

3 

< 

* 

UJ 

* 

ac 

< 

* 

i— i 

II 

3 

* 

z 

3 

* 

< 

<— 

* 

a 

* 

o 

< 

* 

* 

< 

3 

* 

<—> 

s 

* 

* 

3 

3 

oc 

* 

CO 

* 

> 

• — 

* 

3 

’jj 

* 

UJ 

X 

* 

3 

3 

* 

T 

CL 

* 

o 

o 

* 

3 

c0 

* 

3 

CL 

* 

1— 1 

* 

3 

X 

* 

CC 

3 

* 

X 

* 

— 

* 

1 

* 

* 

* 

a 

* 

* 

* 

* 

* 

* 

* 

* 

* 

X 

UJ 

* 

* 

* 

3 

oc 

X 

* 

* 

H- 

* 

3 

3 

co 

* 

* 

3 

3 

— 

* 

3 

3 

at: 

* 

* 

co 

OC 

* 

LL 

CO 

'jj 

* 

* 

o 

3 

<3 

— ■ 

* 

3 

3 

* 

* 

13 

CL 

< 

* 

*C 

< 

* 

> 

* 

* 

3 

o 

2 

* 

< 

* 

* 

O 

LL 

CO 

* 

2 

* 

* 

CC 

CO 

3 

* 

-J 

* 

z 

* 

CO 

3 

CO 

* 

3 

* 

3 

t— t 

* 

a 

* 

ll 

* 

3 

co 

* 

X 

* 

CL 

* 

(3  3 

* 

3 

> 

* 

CO 

* 

< 

ac 

* 

CC 

* 

* 

OC 

(3 

3 

* 

a 

CL 

* 

> 

* 

o 

3 

* 

CO 

* 

o 

* 

3 

3 

* 

i 

* 

z 

* 

oO 

< 

13 

* 

Ci 

z 

* 

UJ 

* 

< 

* 

< 

LL 

* 

o 

* 

* 

3 

ac 

* 

ac 

* 

* 

Or 

Q. 

* 

UJ 

* 

* 

* 2. 

* 

3 

3 

— » 

* 

C0 

2C 

* 

UJ 

* 

CO 

> 

3 

3 

* 

O 

> 

* 

* 

3 

3 

>'  C0 

* 

co 

1 

* 

* 

OC 

3 

H* 

X 

* 

3 

O 

* 

* 

13 

3 

* 

o 

* 

* 

+ 

* 

p 1 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

at 

* 

* 

X 

* 

(3 

LL 

UJ 

* 

* 

3 

X 

— 

* 

< 

3 

> 

* 

* 

CL 

H- 

< 

3 

* 

— 

i—i 

* 

* 

3 

< 

D 

3 

* 

O 

oc 

* 

* 

O 

«— 

* 

3 

>- 

* 

* 

* 

s p 

3 

UJ 

* 

* 

* 

i— i 

UJ 

* 

* 

S 

* 

3 

a 

* 

* 

3 

3 

13 

— » 

* 

< 

u 

* 

* 

CO 

OC 

* 

II 

3 

o 

* 

* 

O 

3 

< 

— 

* 

o 

i— « 

* 

* 

(3 

co 

* 

LL 

X 

* 

* 

* 

OC 

0 

1 

* 

* 

* 

3 

* 

* 

< 

— • 

* 

a 

3 

< 

* 

* 

3 

13 

* 

C0 

< 

UJ 

* 

* 

CC 

< 

* 

oc 

* 

3 

* 

< 

W 

* 

o 

< 

* 

<3 

* 

* 

CO 

X 

* 

O 

* 

* 

• 

< 

> 

* 

Cl 

* 

y- 

* 

o 

3; 

a 

* 

* 

3 

3 

— 

* 

rS 

3 

* 

3 

* 

co 

OC 

* 

3 

3 

* 

< 

1 * 

O 

3 

a 

— 

* 

II 

CO 

sn 

* 

l- « 

* 

3 

Cl 

< 

* 

< 

* 

L_> 

* 

* 

a 

* 

i— i 

* 

* 

* 

U 

* 

* 

* 

UJ 

* 

Z 

* 

* 

z 

. 

* 

3 

LI 

* 

LL 

* 

UJ 

* 

O 

* 

rH  | 

* 

CO 

* 

<t 

* 

LL 

* 

* 

OC 

* 

| 

* 

* 

o 

3 

* 

3' 

* 

* 

1— 

3 

* 

r-H 

Z 

* 

* 

CO 

* 

a 

LL 

* 

* 

13 

* 

CNJ 

— 

* 

* 

< 

* 

CO 

< 

* 

* 

* 

1 

OC 

* 

* 

* 

rv_ 

* 

* 

— • 

* 

S3 

3 

* 

* 

> 

3 

* 

1 

3 

* 

* 

3 

CO 

* 

J 

* 

* 

3 

X 

* 

3 

CO 

* 

* 

3 

w 

* 

L 

* 

* 

* 

CO 

* r- 

* in  oo 


* 

p—4 

O' 

CM 

in 

* 

1 

3 

* 

X 

4- 

43 

m 

* 

CM 

O 

* 

CM 

O 

* 

CM 

0 

<X> 

ro 

* 

* 

O 

* 

t 

• 

. 

t 

* 

O 

0 

O 

O 

0 

* 

1 

O' 

* 

O 

0 

pH 

pH 

* 

* 

CM 

vO 

* 

* 

3 

CM 

* 

* 

* 

* 

* 

« 

* 

* 

* 

* 

* 

* 

* 

* 

3 

4- 

O 

0 

r\ 

O 

in 

* 

a 

in 

ro 

ro 

ro 

ro 

pH 

(M 

3 

4- 

in 

* 

X 

II 

CM 

O 

3 

0 

3 

pH 

pH 

* 

y- 

pH 

pH 

4- 

3 

* 

HH 

* 

O 

O 

* 

Z 

3 

* 

O 

3 

0 

3 

n 

3 

3 

O' 

* 

3 

pH 

pH 

3 

CM 

3 

CM 

•— H 

<M 

m 

•4- 

4- 

* 

4- 

ro 

4- 

sO 

3 

* 

< 

* 

CM 

3 

* 

4- 

CL 

O 

in 

4- 

.n 

O 

* 

1 

JO 

O 

n 

43 

ro 

• 

• 

• 

• 

• 

• 

* 

O' 

• 

• 

• 

• 

• 

O 

3 

un 

3 

3 

O' 

* 

pH 

z 

in 

O 

H 

43 

ro 

<M 

pH 

CM 

ro 

4- 

4" 

* 

l 

»— < 

ro 

CM 

4- 

in 

3 

O 

O 

O' 

O' 

O' 

O' 

* 

CM 

3 

3 

3 

3 

3 

* 

4- 

0 

* 

0 

* 

* 

* 

* 

* 

* 

* 

3 

• 

* 

* 

* 

* 

* 

* 

* 

Q 

3 

C\l 

pH 

in 

ro 

H 

CO 

* 

X 

O' 

3 

O 

ro 

O' 

CM 

C\J 

nj 

co 

4- 

4" 

* 

3 

CM 

pH 

4" 

in 

3 

* 

•-H 

II 

* 

3 

* 

< 

U. 

O 

0 

O' 

0 

in 

CO 

* 

3 

3 

O 

in 

O 

ro 

4- 

• 

• 

• 

• 

• 

t 

* 

O 

• 

• 

• 

t 

• 

00 

0 

r<\ 

0 

in 

3 

* 

Z 

4- 

4- 

O 

in 

pH 

pH 

pH 

(M 

1-0 

4- 

4- 

* 

X 

ro 

CM 

4- 

in 

3 

f K 

O' 

O' 

O' 

O' 

O' 

* 

CC 

3 

3 

3 

3 

3 

* 

* ’ 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

* 

* 

* 

c 

* 

O 

3 

0 

O 

0 

0 

O 

* 

3 

O 

O 

O 

O 

0 

0 

0 

n 

m 

CO 

>c 

■0 

* 

3 

3 

4- 

pH 

3 

ro 

0 

r^- 

O' 

3 

>0 

vO 

X 

* 

M 

<n 

in 

in 

4- 

O 

CO 

* 

3 

pH 

CM 

pH 

pH 

* 

* 

z 

* 

O 

10 

* 

O 

M 

r-~i 

(M 

X) 

0 

pH 

in 

* 

cc 

m 

pH 

O' 

4 

3 

4- 

* 

aj 

3 

• 

• 

• 

• 

• 

vO 

pH 

CM 

* 

0 

4- 

pH 

O 

4- 

3 

pH 

CM 

CM 

* 

X 

pH 

CM 

* 

3 

>- 

3 

4- 

0 

m 

CM 

CO 

* 

CC 

~x 

3 

0 

3 

O' 

O 

O 

in 

M 

-0 

O 

■O 

* 

0 

CL 

CM 

m 

O 

3 

43 

pH 

pH 

ro 

>0 

O 

O 

* 

z 

in 

(X 

pH 

in 

pH 

pH 

pH 

pH 

* 

1 

pH 

(M 

* 

a 

z 

♦ 

< 

M 

313 

3 

3 

3 

3 

* 

z> 

CC 

3 

3 

3 

3 

3 

* 

Cf 

0. 

' C 

in 

in 

0 

m 

O 

* 

in 

pH 

nO 

0 

O 

• 

• 

• 

• 

• 

• 

* 

<S) 

cc 

• 

• 

• 

• 

• 

in 

ro 

pH 

m 

in 

* 

0 

>- 

pH 

CM 

3 

ro 

O' 

r-H 

pH 

fM 

fOj 

4" 

4' 

* 

in 

1 

ro 

CM 

ro 

in 

43 

0 

O' 

O' 

O' 

O' 

0 

* 

X) 

0 

3 

3 

3 

co 

3 

* 

0 

* 

pH 

* 

« 

* 

* 

«* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

H 

O 

CM 

00 

m 

* 

0 

>0 

3 

CM 

in 

in 

• 

* 

< 

3 

• 

• 

• 

• 

• 

rj 

pH 

O' 

pH 

O 

CM 

* 

w* 

3 

4- 

O 

in 

pH 

pH 

pH 

rn 

nT 

4" 

* 

3 

CM 

4- 

in 

3 

* 

4- 

> 

* 

O' 

3 

* 

HH 

O 

0 

0 

Cl 

O 

* 

3 

C J 

O 

3 

0 

>3“ 

O' 

O 

O 

* 

<t 

ro 

3 

3 

3 

vC 

or 

O' 

<r 

* 

II 

Z> 

O' 

O' 

pH 

4- 

CO 

c 

4^ 

CO 

* 

O 

O' 

ro 

43 

4- 

r~» 

pH 

pH 

pH 

* 

LL 

CM 

CM 

CM 

CM 

* 

X 

3 

* 

3 

iA 

co 

CM 

O 

3 

3 

* 

a 

3 

CM 

CO 

pH 

3 

pH 

CM 

ro 

rO 

nO 

* 

in 

< 

3 

ro 

4" 

3 

* 

3 

* 

3 

* 

4- 

X 

* 

• 

< 

O 

O 

0 

O 

* 

pH 

UJ 

O 

O 

O 

O 

3 

f\J 

N- 

ro 

* 

3 

3 

pH 

3 

3 

O' 

3 

3 

3 

* 

3 

3 

3 

pH 

3 

pH 

* 

11 

m 

ro 

pH 

pH 

* 

« 

* 

a 

* 

O 

0 

m 

CM 

0 

CM 

* 

O 

CM 

pH 

pH 

O 

* 

• 

• 

t 

• 

• 

O 

CM 

in 

CM 

O 

* 

— * 

O 

3 

in 

ro 

in 

pH 

pH 

CM 

* 

pH 

pH 

CM 

* 

* 

O 

O 

0 

pH 

pH 

4" 

* 

O 

O 

O 

CM 

3 

ro 

O 

<3  CD 

O -£■ 

* 

CM 

z 

IO 

pH 

ro 

3 

pH 

CM 

in 

O' 

O' 

* 

0 

LL 

3 

4" 

0 

O' 

* 

CM 

h- 

pH 

* 

ro 

< 

* 

1 

3 

* 

a. 

in 

3 

O 

pH 

CO 

n 

* 

0 

3 

3 

nO 

pH 

in 

in 

• 

e 

• 

« 

• 

t 

* 

1 

3 

t 

• 

t 

• 

• 

(M 

p»< 

CT' 

H 

O 

CM 

* 

3 

CM 

O' 

in 

0 

43 

O 

pH 

pH 

•'O 

4" 

* 

3 

to 

O 

pH 

ef) 

in 

O 

O' 

O' 

O' 

y* 

iT 

* 

W -H 

3 

GD 

cc 

ra 

CO 

* 

L0 

3 

cm  oo 
I u. 

CM  O 

0 

1 p- 

cm  m 


4 43  4^  O 

ro  o ^ in 


O O 3 —I 


3******* 


UJ 

Q 

3 II 


0 O 

Z _J 
O LL 
—I 

* 
< 
n-  uj 
O O. 

1 

O'  * 

3 z 

CM 

4 o 
o 

UJ  • 
Q 00 
3 
3 

•—  II 
3 

< u. 

-J  CL 

o 

z 

3 

ac 


O'.in  O o 

4)  4"  3 H 

i 3 cm  cm 


in  ro  co  oo 
fO:  4 4;  4 


r*»,  cm  o-  oo 

• • • • 

ffl  N M rJ 
m >o  3 3 
3 1 3 3 3 


****** 


O'  O'  O fM 

cm,  co  in  in 


0s  in  3 o 


>P'N  00  o 
rnj  o so  p- 


Q 00 
-J  O 
UJ  3 

3 to 

LL 

* ac  Z 

* O O 

* O ll 

*00  10 

* 00  UJ 

* j Q 

* 'X 

* 3 > 

* ao  2 

* a a 

* z oo 

* I 

* o z 

* «I  3 

* 3 CO 
*OCL 

* 

* U0  0£ 

* o > 

uo  I 

3 O 


******* 

! j 

o o o o 

3 00  O 3 

-ojm  o oo 

4 m cm  —i 


cm  in  O' 


4'  <M  O'  4J 
m 00  N N 
3;<m  in  oo 


ovm  3 o 

• j • * • 

H|0'  (P  P- 
’4’  4 in  o 

3 if*-  3 3 


lo  — 

< co 


* * 

O' 


**«*;* 

in  3 o 


3 in  in  ro 

h <m  m *5= 


< 

II  3 

a 

!X  0 c\ 

, w 

a 3 

in  < 

L * 

log  x 
• <. 
4 UJ 

I «' 

3 

; it  to 

'<  i 

a 


o 


o o a 
h in  n 
oo  •4’  in 
o ro  co 
4-  co  ro 


mmh 
cm  n 4 


o o o o 

CO  4 (N  00 
H CO  3 00 
>o  m cm  h 


~ o 

ro 


o1 

Z i 


CO 


O' 


— » 4-  4> 

• » • 

3 Csl  CO 


oo  in  h 
4 4 4 
cm  in  oo 


in  n o 

• i « 

o o 3 

4-  UVvO 

3 3 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


1 UJ 
C0 


3 • 

Z m, 

O 3 

3 

z in 

O 

O 

z 

II  CL 

Z ac 

3 

3: 

•»  a 

< 

in 

> Z'O 

< 0 

z 

t 

x in 

< 

3 

3 3 

O 

3 oc 

•» 

O 

3 < > 

CL 

a cl- 3 

in  x 

z 

3 

O'O 

< 

0 0 

LL 

3 

in 

a 

3 ac 

3 

LL 

0 

z 

3 

II  3 

3 

3 

3 

X 

Z 

>'CL 

3 

•»  3 

0 

3 

O 3 

3 

3 ac 

3 

(J 

3 < 

> 

Z 

< X 

3 

LL 

> 3 

Q 

O 

< aci 

X3 

O CL 

e 

3 

X 

3 

O 

3 3 

3 

z 

II  0C 

2 

LL 

3 < 

3 

3 

► Z 

CO 

3 

CL  i 

0:0  O 

z 

• < 

ac  x 

c 

< OC 

a m 

LL 

3 O 

3 

< 3 

3 in 

< 

O in 

3 3 

p 

3 ac 

ac 

,1-  3 

ac  3 

< 

in  < 

0 0 

> 

O 3 

Z 3 

O O 

O 3 

2 

3 

O 

O 

O 

II  • 

X 

Z Z 

O Z 

in 

< O 

O 

•>  LL 

O 

< a 

3 3 

3 

LL  LU 

3 < 

ac  m 

3 X 

3 

3 < 

X ac 

O 

,3  3 

0 0 

O 

LL 

3 

3 

OC  3 

3 z 

0 ac 

3 3 

pH 

< 

3 

• 

z 

ac  > 

0 

0 <n 

0 ac 

LL  3 

z < 

3 • 

in  m 

0 z 

m 3 

3 0 

O 3 

3 3 

a 0 

II  X 

ac  cc 

O 3 

< 0 

# a 

3 

3 3 

m z 

1 3 

Z 3 

• < 

3 ac 

0 

u 3 

3 3 

• 3 

O 

X < 

m 0 

u z 

3 X 

< 

0 

3 

3 ac 

3 

O 

3 0 

3 O 

3 O 

O'  3 

>-  3 

3 

3 m 

3 in 

Z 

< 

2 3 

z > 

>-  co 

O 3 

0 < 

< 

X < 

3C 

JC  3 

in  ac 

O 3 

3 CC 

X 

3 3 

3 < 

3 O 

in  i-t 

LL 

ac  0 

< CL 

3 < 

< < 

3 in 

in  3 

< 

in  0 

3 >- 

>-  0 

Z 3 

ac  0 

0 

0 a: 

<x  2 

z cc 

LL  UJ 

3 

3 < 

3 Q 

10  0 

O 3 

< — 

3 oc 

CC  ZD 

> m 

in  3 

3 03 

3 z 

O X 

X < 

3 0 

0 3 

3 3 

3 0 

LL  LL 

_ LL 

3 CM 

ro  4- 

in 

1 

in 

3 

3 

O 

Z 

'00 

iO 


'Z 

<3 


o 

UJ 


UJ 
I CO 


Q 


STUDY  AREA-CHICOPEE  RIVER  SUBWATERSHED-UPPER  OUABOAG  RIVER 


-162 

* 

a 

4" 

a 

O' 

a 

A 

* 

G 

a 

in 

oo 

4- 

a 

o 

<n 

a 

rH 

Ai 

a 

G 

* 

Q in 

Z uj 

4—* 

a 

i 

G 

a 

i— J 

O' 

43 

a 

1 

G 

a 

A 

ij 

4- 

a 

1 

G 

a 

O' 

CO 

4- 

G 

03 

* 

UJ 

i 

cr 

UJ  u 

a 

a 

cr 

G 

a 

a 

O' 

in 

a 

03 

l_> 

a 

CM 

4- 

A 

G 

a 

CD 

X 

a 

CM 

03 

A 

O' 

a 

* 

g 

UJ 

X 2 

x 

a 

in 

a 

• 

« 

• 

a 

A 

43 

a 

• 

• 

• 

• 

a 

A 

a 

• 

• 

• 

•j 

O 

* 

< 

i— 

a:  < 

X 

a 

1 

in 

a 

o 

a* 

CM 

a 

1 

a 

O 

o 

O 

o 

a 

1 

4- 

a 

o 

O 

rH 

rH 

a 

G 

• 

G 

* 

A 

> 

< 

uj  X 

T 

a 

H 

a 

a 

a 

9b 

At 

a 

a 

H 

4- 

* 

Z Ai 

* 

Cl 

G 

a 

r- 

CO 

a 

G 

4" 

* 

G 

43 

a g 

G 

* 

* 

* 

* 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

z 

A| 

O 

a 

* 

a 

UJ 

a 

G 

a 

G 

a 

a 

2 

a 

* 

o 

a 

a 

o 

CM 

43 

iA 

a 

X 

4- 

o 

A 

O' 

43 

a 

X 

CM 

CO 

© 

o 

G 

a 

H 

Q. 

* 

* 

_j 

o > 

a 

X 

ii 

CO 

H 

m 

G 

A 

a 

X 

II 

H 

9b 

CM 

a 

X 

II 

rH 

G 

4> 

43 

O 

a 

z 

ac 

G 

* 

* 

-J 

-j 

o o 

a 

1— 

rH 

c\ 

cn 

A 

a 

G 

a 

A 

CM 

rH 

cv 

A 

A 

a 

X 

QC 

* 

* 

*-H 

o 

9b 

a 

HH 

2 

a 

M 

X 

a 

M 

X 

a 

9 

CL 

< 

a 

* 

G 

> 

— 

a 

G O 

a 

X 

o 

a 

O 

o 

A 

a 

* 

a 

2 

G 

a 

2 

G 

a 

z 

X 

>- 

2 

Q 

* 

* 

a 

O 

G 

a 

O 

G 

a 

o 

LL 

a 

< 

a 

2 

* 

* 

i- 

a 

G 

in 

N- 

i" 

o 

O 

a 

G 

4- 

CM 

A 

G 

O' 

a 

X 

O 

G 

4- 

o 

CO 

a 

• 

2 

A 

< 

* 

* 

X 

a 

2 

■4- 

m 

m 

43 

a 

2 

9^ 

9b 

gU 

rH 

f-H 

* 

2 

4- 

A 

4- 

A 

A 

a 

mJ 

X 

rn 

* 

x 

* 

X 

X 

a 

< 

a 

s 

a 

< 

a 

o 

X 

QC 

9 

* 

< 

* 

a 

O' 

G 

a 

O' 

a 

4- 

G 

* 

o 

M 

< 

> 

* 

Q 

* 

a 

CM 

a 

a 

CM 

a 

X 

a 

Cl 

Cl 

Cl 

X 

* 

* 

a 

1 

in 

in 

in 

00 

A 

a 

1 

•> 

A 

O' 

A 

O' 

a 

( 

00 

00 

A A 

A 

a 

A 

X 

2 

* 

* 

r=* 

a 

O' 

9m 

• 

« 

• 

• 

a 

O' 

• 

• 

• 

• 

• 

a 

O' 

» 

• 

• 

• 

• 

• 

a 

X 

a 

a 

* 

* 

> 

_J 

a 

2 

CM 

4- 

CO 

G 

CO 

a 

2 

A 

A 

G 

O' 

a 

rH 

2 

O' 

4) 

A O 

03 

a 

< 

a x 

* 

* 

a. 

UJ 

00 

a 

1 

>-H 

o 

O' 

o 

9b 

CM 

a 

i 

ta^ 

4- 

4- 

4- 

4- 

4- 

a 

1 

M 

A 

A 

4" 

A 

A 

a 

M 

z 

A 

* 

* 

a 

-j 

X 

a 

CM 

CO 

CO 

CO 

00 

a 

CM 

O' 

O' 

O' 

O' 

O' 

* 

CM 

O' 

O' 

O' 

O' 

O' 

a 

X 

G 

CC 

G 

* 

* 

G 

UJ 

a 

>f 

O 

a 

4" 

O 

a 

4- 

O 

a 

w 

a 

2 

* 

* 

a 

o 

a 

O 

a 

o 

a 

a 

LL 

H 

LL 

G 

* 

* 

* 

a 

a 

a 

* 

* 

a 

G 

• 

a 

a 

a 

fc 

a 

a 

a 

a 

G 

• 

* 

a 

a 

a 

a 

a 

a 

a 

G 

• 

a 

a 

a 

a 

a 

a 

a 

G 

v- 

X 

* 

a 

a 

X 

CO 

a 

X 

coi 

a 

O 

CO 

a 

2 

> 

Q. 

* 

a 

< 

— * 

a 

X 

CM 

CO 

>0 

in 

O' 

a 

X 

A 

G 

gU 

CM 

43 

* 

X 

G 

G 

43 

o 

00 

a 

G 

e» 

X 

a 

* 

QC 

a 

UJ 

G 

a 

l- 

oo  1 in 

o 

4- 

00 

* 

00 

G 

O' 

o 

9b 

a 

A 

cc 

4- 

CM  00 

4* 

a 

X 

X 

X 

a 

* 

UJ 

a 

QC 

< 

a 

HH 

II 

a* 

a 

-H 

n 

pH 

mb 

a 

*9* 

II 

mb 

rb 

CM 

a 

G 

oc 

G 

a 

* 

2 

1— 

a 

< 

w 

a 

G 

a 

G 

a 

A 

a 

o 

1- 

< 

> 

* 

x 

<■ 

a 

a 

< 

G 

a 

< 

G 

a 

< 

LL 

a 

2 

< 

X 

G 

• 

* 

Z 

a 

a 

G 

G 

m 

4- 

in 

o 

CO 

a 

-J 

G 

m 

O 

m 

o 

A 

a 

X 

LL 

A 

O' 

43 

4" 

O 

a 

> 

»-H 

Q 

2 

* 

A 

a 

> 

-Hi 

a 

O 

• 

• 

t 

• 

• 

a 

o 

< 

• 

• 

t 

• 

a 

O 

t 

t 

• 

• 

t 

a 

□ 

< 

QC 

a 

* 

G 

X 

* 

UJ 

X 

a 

2 

O' 

a-* 

in 

in 

A 

a 

2 

CM 

fb 

A 

A 

G 

a 

2 

A 

H 

O 

G 

A 

a 

X 

X 

Q. 

Z 

H 

* 

Q 

X 

a 

X 

00 

a 

X 

O' 

O' 

o 

a"A 

CM 

a 

X 

4- 

4- 

4" 

4- 

4- 

a 

X 

A 

A 

4- 

4“ 

A 

a 

X 

X 

G 

G 

* 

— < 

a 

UJ 

X 

a 

QC 

n- 

G 

03 

CO 

CO 

a 

CC 

O' 

O' 

O' 

O' 

O' 

♦ 

CC 

O' 

O' 

O' 

O' 

O' 

a 

X 

G 

G 

G 

M 

* 

X 

a 

W 

a 

a 

* 

a 

z 

II 

QC 

2 

A 

* 

a 

a 

a 

a 

a 

M 

G 

< 

G 

HH 

* 

* 

* 

* 

a 

* 

a 

a 

a 

X 

a 

a 

a 

a 

a 

a 

a 

* 

X 

a 

a 

a 

a 

a 

a 

a 

a 

X 

a 

a 

a 

a 

a 

a 

a 

a 

G 

a 

* 

a 

a 

CC 

* 

oc 

a 

0C 

a 

r 

•* 

2 

03 

a 

* 

a 

5- 

a 

□ 

c 

o 

c 

o 

o 

a 

c 

o 

O 

c 

O 

o 

a 

o 

o 

O 

o 

o 

o 

a 

G 

0- 

Z 

X 

* 

a 

5- 

U. 

a 

G 

4- 

gU 

00 

A 

a 

G 

CO 

A 

G 

G 

C0 

a 

A 

o 

A 

A 

A 

A 

a 

o 

a a 

Z 

< 

* ' 

a 

A 

CC 

a 

00 

G 

m 

43 

4- 

A 

a 

in 

4- 

G 

A 

4- 

A 

a 

in 

CM 

O' 

O' 

43 

4- 

a 

• 

< 

ac 

X 

o 

* 

a 

o 

UJ 

G — 

a 

m 

a 

a 

rH 

43 

a 

< 

QC 

o 

A 

k-4 

a 

♦ 

a 

o 

Cl 

< 

a 

2 

a 

z 

* 

2 

a 

L- 

o 

G 

2 

* 

> 

a 

a 

O 

a 

X 

a 

O 

a 

< 

G 

G 

</) 

< 

< 

* 

< 

a 

a 

HH 

a 

*-al 

* 

*— < 

a 

Q 

A 

G 

G 

H 

X 

* 

X 

a 

a 

00 

00 

CO 

in 

G 

c 

a 

n 

O 

O 

03 

C0 

a 

in 

rH 

O 

A 

CM 

O 

a 

G 

QC 

3C 

* 

X 

a 

2 

a 

G 

• 

• 

• 

t 

• 

a 

G 

• 

• 

• 

t 

• 

* 

G 

• 

• 

• 

t 

• 

a 

G 

X 

QC 

a 

< 

ac 

* 

X 

a 

k— 

•— « 

a 

2 

X 

m,  o 

O' 

45 

CO 

* 

X 

4- 

A 

43 

O' 

a 

2 

X 

A 

H 

CO 

43 

O 

a 

A 

< 

X 

> r 

> 

a 

* 

GH 

a 

UJ 

00 

a 

O 

r-^ 

CM 

a 

o 

a 

X 

9b 

A 

a 

o 

G 

2 

M 

* 

Q- 

a 

o 

UJ 

a 

G 

> 

* 

G 

> 

a 

A 

>- 

a 

X 

O 

a 

LL 

2 

z 

* 

A 

a 

< 

CL 

a 

X 

31 

CO 

CM 

G 

00 

* 

X 

X 

G 

CO 

A 

CM 

O' 

a 

X 

:s 

A 

G 

O' 

A 

G 

a 

G 

X 

o 

a 

* 

a 

QC 

G 

1— 

a 

< 

Cl 

G 

CM 

a-U 

00 

a 

< 

CL 

H 

m 

CO 

CM 

4- 

a 

< 

a. 

CC 

■H 

43 

43 

A 

a 

X 

n 

• 

X 

H 

* 

> 

a 

G 

X 

a 

C- 

00 

00 

a-H 

4^ 

in 

9b 

a 

CL 

in 

cn 

CM 

A 

A 

G 

a 

o. 

A 

A 

rH 

O' 

CO 

4- 

a 

2 

Z 

o 

2 

A 

G 

* 

X 

a 

5- 

G 

a 

1 

CM 

4- 

a 

1 

a 

1 

A 

a 

< 

o 

a 

X 

* 

2 

* 

l/> 

< 

G 

a 

X 

z 

a 

X 

2 

a 

o 

2 

a 

•* 

M 

a 

G 

* 

UJ 

* 

< 

a 

< 

•—1 

a 

< 

G-a 

■ 

< 

r— 

a 

< 

o 

G 

G 

G 

X 

* 

X 

a 

a 

X 

CC 

UJ 

G 

G 

G 

G 

a 

X 

ac 

G 

G 

G 

G 

G 

a 

X 

cc 

G 

A 

G 

G 

G 

a 

*-* 

G 

G 

< 

G 

* 

ac 

a 

a 

a 

Cl 

v 

X 

CL 

a 

X 

CL 

a 

CC 

A 

X 

X 

G 

A 

ft 

UJ 

a 

a 

00 

in 

CM 

G 

4- 

a 

o 

A 

O' 

A 

O 

a 

O' 

O' 

A 

C 

rH 

a 

G 

< 

X 

QC 

a 

* 

2. 

a 

h* 

UJ 

— •» 

a 

00 

QC 

• 

• 

• 

• 

• 

* 

m 

CC 

• 

• 

• 

• 

• 

* 

jo 

QC 

• 

• 

• 

• 

• 

a 

G 

03 

X 

O 

a 

G 

* 

UJ 

a 

in 

> 

a 

X 

a 

O 

> 

o 

CO 

m 

CM 

cn 

a 

o 

> 

o 

CC 

o 

CM 

A 

a 

o 

> 

A 

43 

CO 

A 

A 

a 

M 

G 

G 

G 

* 

a 

UJ 

UJ 

> 

00 

a 

00 

1 

O' 

r- 

o 

CM 

a 

m 

1 

4- 

m 

4“ 

4“ 

4* 

a 

in 

1 

A 

mb 

A 

4- 

A 

a 

QC 

G 

G 

Z 

H 

* 

a 

or 

X 

X 

a 

X 

o 

G 

G 

CC 

00 

CO 

a 

X 

o 

O' 

O' 

O' 

O' 

O' 

a 

X 

o 

O' 

O' 

O' 

O' 

O' 

a 

X 

CC 

G 

GH 

A 

* 

* 

X 

UJ 

a 

o 

a 

o 

a 

c 

a 

< 

G 

• 

a 

a 

+ 

a 

a 

r— W 

a 

mb 

a 

2 

QC 

> 

o 

X 

* 

* 

♦ 

a 

a 

a 

a 

a 

a 

9 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

O 

A 

X 

QC 

< 

* 

* 

a 

a 

a 

a 

GH 

G 

2 

< 

G 

• 

2 

* 

a 

n 

a 

G 

a 

in 

G 

CM 

O' 

a 

X 

CM 

i-U 

A 

rb 

A 

a 

X 

r-» 

4- 

O' 

00 

A 

G 

a 

in 

A 

X 

2 

A 

G 

M 

* 

a 

t— 

2. 

a 

< 

CQ 

• 

• 

• 

• 

t 

a 

< 

CO 

a 

< 

X 

• 

t 

• 

• 

• 

a 

G 

O 

X 

HH 

G 

G 

G 

* 

a 

CL 

5— 

< 

J- 

a 

O' 

o 

43 

o 

CM 

* 

■G- 

aJ 

m 

G 

O' 

9b 

a 

43 

43 

A 

CM 

O 

a 

O 

X 

II 

X 

QC 

QC 

* 

a 

Uj 

< 

G 

U. 

a 

CM 

CM 

m 

in 

43 

a 

in 

G^ 

a 

CM 

rH 

A 

4- 

A 

a 

X 

•— 1 

< 

X 

QC 

* 

a 

O 

»— 

a 

O' 

>■ 

a 

> 

a 

CC 

> 

a 

• 

X 

X 

G 

G 

O 

* 

* 

w 

r- 

a 

cr 

H 

a 

CO 

h- 

a 

LO 

2 

1 

G 

2 

X 

G 

a 

a 

a 

rH 

a 

GG 

a 

r*i 

G- 1 

a 

• 

< 

G 

QC 

* 

a 

N 

* 

G 

G 

X 

X 

X 

* 

G 

X 

X 

X 

X 

a 

X 

X 

X 

X 

X 

a 

u 

X 

CL 

G 

h- 

G 

* 

a 

►— 

U- 

a 

<r 

O 

G 

in 

m 

a 

< 

4- 

G 

A 

a 

< 

4- 

rH 

43 

A 

a 

• 

G 

a 

X 

< 

A 

9 

* 

LO 

oc 

G 

9 

il 

X 

4" 

m 

CO 

G 

* 

ii 

X 

4" 

cc 

4- 

A 

* 

II 

X 

CO 

O' 

A 

rH 

a 

X 

x 

2 

►— 

X 

X 

* 

a 

w 

X 

< 

a 

o 

CO 

m 

o 

CO 

a 

X 

4- 

A 

A 

A 

a 

X 

o 

A 

CO 

a 

< 

O 

h- 

* 

a 

G 

LT) 

* 

»— < 

4- 

a— ^ 

G- < 

a 

*— 

43 

^H 

a 

H 

QC 

G 

o 

G 

* 

a 

* 

X 

qc 

* 

X 

CC 

a 

X 

ac 

a 

G 

o 

O. 

a 

G 

a 

O 

* 

a 

a 

UJ 

a 

G 

a 

G 

a 

O' 

G 

>• 

G 

G 

2 

* 

a 

< 

9 

CJ 

— 

in 

CO 

in 

43 

O' 

a 

X 

O' 

O 

G 

X 

4) 

a 

X 

A- 

A 

A 

A 

rH 

G 

a 

H 

A 

W- 

A 

2 

* 

a 

UJ 

G 

9 

00 

< 

H 

43 

rH 

4) 

* 

in 

<x 

4- 

A 

G 

00 

a 

A 

< 

mb 

43 

4- 

O 

a 

< 

2 

G 

a 

* 

a 

QC 

< 

a 

X 

a 

_£ 

a 

X 

rH 

CM 

a 

z 

> 

> 

33 

a 

G 

a 

* 

— J 

* 

<C 

a 

o 

a 

m 

a 

4) 

a 

c 

< 

< 

X 

< 

* 

a 

a 

a 

CC 

X 

* 

4- 

X 

a 

rH 

X 

a 

X 

X 

G 

A 

QC 

7 

* 

G 

« 

a 

• 

< 

a 

• 

< 

a 

• 

< 

a 

X 

X 

X 

QC 

X 

a 

* 

Q. 

* 

a 

CM 

G 

c 

O 

o 

O 

» 

— I 

G 

O 

O 

O 

O 

a 

CM 

UJ 

o 

O 

O 

X 

* 

G 

X 

X 

< 

G 

X 

* 

a 

G 

a 

ac 

o 

cn 

CO 

X 

a 

CC 

O' 

43 

00 

G 

a 

QC 

CM 

o 

O' 

rH 

a 

in 

M 

H 

QC 

X 

* 

-J 

a 

00 

CC 

* 

G 

in 

CM 

43 

4" 

a 

G 

r- 

O 

G 

A 

a 

A 

rH 

43 

G 

A 

a 

< 

Q- 

Cl 

< 

< 

< 

* 

< 

* 

V-G 

UJ 

G 

w 

a 

II 

oo 

<0 

a 

II 

in 

mb 

rH 

a 

II 

in 

00 

mb 

a 

CO 

A 

A 

G 

* 

rH 

* 

G 

Cl 

< 

* 

< 

* 

< 

a 

< 

a 

< 

A 

a 

* 

X 

a 

a 

o 

a 

o 

a 

X 

a 

G 

> 

> 

X 

Z 

G 

* 

•— 

a 

* 

a 

a 

a 

QC 

X 

X 

o 

X 

* 

G 

* 

a 

o 

G 

43 

CO 

O 

a 

o 

Al 

G 

G-l 

43 

a 

O 

CC 

O' 

CO 

O 

a 

< 

2 

z 

QC 

•— 1 

G 

* 

uJ 

a 

X 

a 

• 

• 

• 

• 

• 

a 

• 

• 

• 

• 

• 

a 

• 

• 

• 

• 

• 

a 

G 

G 

< 

G 

a 

* 

Z 

a 

uj 

a 

r-G 

X 

c 

4- 

CM 

A 

a 

— «• 

o 

-b 

CM 

4- 

43 

a 

— * 

O 

o 

4- 

CM 

A 

a 

A 

e> 

X 

X 

< 

•-H 

* 

UJ 

* 

O 

* 

a 

<N 

a 

A 

a 

rH 

CM 

a 

G 

ac 

QC 

X 

> 

A 

* 

CO 

* 

< 

B 

— * 

n 

GG 

a 

w 

* 

A 

G 

G 

33 

G 

2 

* 

* 

CC 

* 

a 

* 

a 

O 

X 

X 

< 

a 

9 

9 

c 

b- 

a 

X 

O 

o 

43 

G 

m 

a 

O 

o 

C 

v0 

A 

a 

w 

o 

o 

A 

o 

o 

a 

X 

G 

G 

G 

G 

X 

a 

9 

1- 

X 

a 

Sri 

Z 

o 

O 

A 

m 

a 

m 

2 

o 

O 

r—H 

o 

* 

43 

z 

o 

43 

O' 

CO 

a 

9 

9 

00 

a 

o 

G-c 

G 

O' 

r- 

a 

o 

— 

GH 

c\j  m 

A 

a 

C 

>— 1 

mb 

A 

4- 

03 

* 

9 

u 

G 

* 

CJ 

r— 

f— < 

m 

* 

CM 

G 

a 

H— 

gH 

CM 

a 

rH 

■M 

A 

4- 

n 

a 

a 

< 

* 

a 

< 

a 

m 

< 

a 

A 

< 

a 

W 

■ 

a 

* 

a 

1 

ac 

a 

1 

cc 

* 

1 

V 

a 

9 

9 

a 

Q 

a 

CL 

a 

X 

a 

1 

* 

9 

— 

a 

G 

LL) 

4- 

in 

G 

CM 

O' 

a 

X 

UJ 

mb 

4" 

C3 

A 

a 

X 

G 

4" 

O' 

00 

A 

43 

* 

9 

a 

> 

G 

a 

1 

1— 

• 

• 

• 

• 

• 

* 

1 

a 

1 

A 

• 

• 

• 

• 

• 

a 

A 

9 

a 

UJ 

O0 

* 

UJ 

r^. 

C0 

4- 

cc 

o 

a 

UJ 

CM 

43 

CO 

C 

CM 

a 

G 

43 

4) 

m 

CM 

C3 

a 

G 

9 

* 

— J 

2. 

♦ 

u— 

oo 

>c 

fG. 

O' 

o 

C\ 

a 

in 

rf 

A 

4- 

4- 

a 

r- 

A. 

C 

mb 

A 4- 

A 

a 

G 

9 

a 

LJ 

a 

>— 

g 

G 

•G- 

x 

X 

a 

— 

O' 

O' 

c* 

Cr 

a 

— 

b 

O' 

O' 

a 

X 

* 

* 

a 

oo 

a 

in 

a 

A 

a 

•163- 


< 

u 

> 

ac 

< 

2 

X 

3 

LO 


* 

* 

* 

* OJ 

* LL 

* < 

* TO 

* 

* * 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* X 

* < 

* o 

* 


* 

UJ  * 

> * 

•—  * 
a : * 


Q L n 

X O' 

UJ 

X 

> < 

* * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


X 

tn  to 

* 

o 

in 

* 

ro 

in 

* 

X 

2 

X 

r-* 

1 X 

* 

4- 

O' 

00 

ro 

o 

* 

1 

X 

* 

o 

JD 

o 

>4 

4- 

* 

i 

X 

* 

X 

pH 

rH 

o 

c 

* 

CD 

Ul 

u> 

Q 

r-  o 

* 

ro 

CJ 

m 

X 

CM 

* 

JJ 

o 

* 

OJ 

OJ 

ro 

ro 

ro 

* 

J3 

o 

* 

rsj 

X 

CM 

in 

in 

* 

cj 

2 

(3 

in 

* 

* 

m 

* 

0 

• 

• 

• 

• 

* 

O 

* 

* 

o 

oc 

< 

X 

l o 

* 

O 

CJ 

ro 

rO 

* 

1 

in 

* 

o 

o 

o 

o 

o 

* 

1 

pH 

* 

o 

o 

pH 

pH 

pH 

* 

X 

• 

X 

UJ 

X 

w 

x O' 

* 

* 

* 

* 

OJ 

4> 

* 

* 

2 

in 

a_ 

a 

x O' 

* 

0- 

CM 

* 

X 

in 

* 

a 

X 

X 

* 

* 

* 

* 

* * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* * 

* 

* 

* 

* 

* 

* 

2 

in 

a 

X 

* 

X 

* 

X 

* 

o 

2 

o 

a 

x 

4) 

x 

rO 

ro 

4) 

* 

Q 

00 

X 

0J. 

o 

3 

o 

* 

X 

X 

in 

J3 

•o 

O' 

o 

* 

II 

X 

x 

o 

> 

3 ii 

-4- 

in 

nj 

O' 

O' 

O' 

* 

X 

II 

H 

rH 

0J 

ro 

ro 

* 

X 

ii 

H 

pH 

OJ 

4- 

in 

4> 

* 

2 

X 

X 

_j 

X 

o 

o 

h— 

rH 

ro 

-4" 

•4- 

* 

X 

1 

* 

X 

* 

3 

X 

»— « 

O 

H 

— 3 

* 

•— 1 

3: 

* 

3 

* 

P X 

< 

X 

> 

w- 

o o 

* 

3 

O 

* 

O 

O 

* 

m 

2 X 

* 

2 

X 

* 

2 

X 

* 

> 

2 

a 

a x 

* 

o 

X 

* 

O 

X 

* 

< 

a 

2 

X 

X 

00 

4> 

o 

•4- 

O' 

O' 

* 

X 

o 

o 

H 

ro 

4- 

4- 

* 

X 

4- 

ro 

CO 

in 

ao 

00 

* 

• 

3 

t0 

<r 

o 

►— 

*c 

ro 

cj 

m 

in 

in 

in 

* 

* 

0J 

OJ 

0J 

OJ 

0J 

OJ 

* 

*: 

0J 

0J 

OJ 

ro 

ro 

ro 

* 

X 

X 

p-4 

X 

X 

< 

* 

< 

* 

< 

* 

o 

X 

X 

0» 

43  X 

* 

o 

X 

* 

X 

X 

* 

o 

►— « 

< 

> 

p-t  a. 

* 

■4- 

X 

* 

in 

a 

* 

X 

X 

X 

X 

l 

-4- 

o 

o 

in 

o 

* 

1 

CO 

m 

-4- 

J3 

O' 

O' 

* 

l 

o 

O 

4- 

CO 

O' 

O 

* 

m 

s; 

2 

00  * 

• 

• 

• 

• 

• 

• 

* 

X 

•» 

• 

• 

• 

• 

• 

• 

* 

CO 

•» 

• 

• 

• 

• 

• 

0 

* 

X 

o 

O 

> 

X 

-<  2 

O' 

X 

x 

in 

O' 

O' 

* 

rH 

2 

in 

in 

X 

CO 

O' 

O' 

* 

p>^ 

2 

X 

43 

OJ 

CO 

pH 

0J 

* 

< 

o 

u 

a 

X 

to 

1 — 

o 

O' 

o 

OJ 

CM 

0J 

* 

1 

*— 4 

ro 

ro 

ro 

ro 

ro 

ro 

* 

1 

W4 

CJ 

o 

pH 

pH 

OJ 

0J 

* 

p- 1 

3 

in 

o 

X 

X 

CM 

O' 

00 

O' 

O' 

O' 

O' 

* 

OJ 

o 

o 

o 

O 

O 

o 

* 

CM 

o 

o 

o 

O' 

O' 

O' 

* 

o 

►— 

X 

X 

X 

X 

— 

<r  o 

* 

-4- 

O 

pW 

pH 

rH 

rH 

* 

4" 

O 

* 

— 

o 

2 

* * * * 


03 

13 

1/0 


* CJ 


* 

* 

* 

00 

* 

00 

* 

o 

* 

X 

II 

X 

X 

t3 

* 

* 

* 

* 

* * 

* * 

* 

X 

• * 

* 

* 

* 

* 

* 

* 

* 

X 

• * 

* 

* 

* 

* 

* 

* 

* 

X 

• 

* * 

* 

* 

* 

* 

* 

* 

X 

X 

3L 

< 

* 

* 

* 

Q 

X 

* 

Q 

X 

* 

o 

CO 

* 

2 

> 

X 

o 

* 

* 

< 

* 

3 

O' 

ao 

J3 

OJ 

OJ 

4- 

* 

13 

in 

X 

X 

4- 

rH 

X 

* 

X 

co 

43 

O' 

in 

O' 

O' 

* 

X 

* 

X 

a 

co 

* 

X 

* 

X 

o 

* 

X 

X 

m 

X 

o 

pH 

pH 

* 

X 

4- 

4- 

in 

43 

X 

* 

X 

43 

J3 

X 

pH 

0J 

OJ 

* 

ao 

a 

I— 1 

X 

< 

* 

X 

* 

X 

< 

* 

•— 1 

II 

pH 

rH 

pH 

* 

*-H 

II 

* 

X 

II 

pH 

rH 

H 

* 

X 

X 

X 

3 

* 

2 

X 

* 

< 

— 

* 

X 

* 

X 

* 

X 

* 

<3 

X 

< 

> 

C 1 

* 

o 

< 

* 

* 

< 

X 

* 

< 

X 

1 

* 

< 

X 

* 

2 

< 

X 

X 

* 

X 

3 

* 

* 

X 

X 

43 

4- 

00 

ro 

43 

in 

* 

X 

X 

O 

4- 

o 

pH 

ro 

4- 

* 

X 

X 

4- 

O' 

o 

in 

o 

o 

* 

X 

> 

X 

a 

in 

X 

* 

m 

* 

> 

— 

* 

o 

t 

• 

• 

• 

• 

• 

* 

o 

• 

* 

• 

• 

• 

• 

* 

o 

• 

• 

• 

• 

• 

• 

* 

a 

< 

X 

X 

X 

* 

X 

X 

* 

X 

X 

* 

2 

m 

ro 

CO 

o 

43 

X 

* 

2 

ro 

ro 

in, 

43 

r- 

X 

* 

2 

in 

4- 

o 

4) 

o 

o 

* 

X 

O 

CL 

2 

X 

X 

* 

Q 

o 

* 

X 

to 

* 

3 

o 

O' 

o 

OJ 

OJ 

CM 

* 

X 

CO 

ro 

oo  j 

ro 

ro 

ro 

* 

X 

o 

O 

pH 

X 

0M 

0J 

* 

X 

X 

X 

I— I 

X 

* 

— / 

* 

X 

2 

* 

X 

O' 

CO 

O' 

O' 

O' 

O' 

* 

X 

o 

O 

o' 

O 

O 

O 

* 

X 

O' 

O' 

O' 

O' 

O' 

O' 

* 

o 

X 

X 

X 

in 

3 

* 

X 

* 

«— 

* 

* 

rH 

X 

rH 

H 

rH 

H 

* 

* 

2 

II 

X 

3 

******  * 


X 

ac 


******* 


X * 

oc 


****** 


“■*  UJ  < h—  *-> 


UJ 
: 03 


o 

X 

* 

* 

X 

o 

o 

O 

O 

o 

o 

C 

* 

o 

o 

o 

o.  c 

O 

o 

* 

X 

o 

o 

o 

O 

O 

o 

O 

* 

X 

X 

> 

in 

* 

* 

X 

X 

p—  * 

X 

4- 

CO 

rO 

O' 

OJ 

CO 

* 

X 

pH 

o 

in  43 

o 

o 

* 

X 

X 

TO 

0J 

rH 

in 

43 

X 

* 

o 

o 

a 

2 

X 

X 

* 

* 

in 

X 

* 

in 

4- 

O' 

pH 

co 

43 

in 

* 

in 

O' 

o 

TO  X 

X 

X 

* 

»x 

«n 

ro 

4- 

ro 

CM 

CO 

ro 

* 

• 

< 

X 

X 

O 

X 

X 

* 

* 

a 

X 

o 

w * 

ro 

rH 

* 

pH 

* 

X 

* 

< 

X 

3 

m 

i_ 

to 

X 

* 

* 

o 

X 

< 

2 

* 

2 

* 

X 

2 

* 

X 

o 

X 

X 

< 

* 

> 

* 

O 

* 

O 

i 

* 

o 

O 

* 

< 

X 

X 

in 

< 

X 

3t 

* 

< 

* 

X 

* 

►— 

! 

* 

o 

■— 

* 

o 

<n 

X 

X 

x 

* 

X 

* 

in 

in 

43 

o 

TO 

TO 

O 

* 

in 

pH 

in 

rH 

in 

o 

rH 

* 

QC 

m 

pH 

O' 

ro 

pH 

O' 

o 

* 

X 

QC 

QC 

* 

X 

* 

2 

X 

• 

• 

• 

• 

t 

• 

* 

Ul 

• 

• 

• 

• 

• 

• 

* 

CO 

X 

• 

• 

• 

• 

• 

• 

* 

X 

X 

QC 

3 

< 

* 

X 

* 

X 

x-« 

2 

a 

43 

O 

ro 

X 

CM 

4- 

* 

2 

a 

4- 

4" 

o 

X 

O' 

O' 

* 

a 

4- 

ro 

X 

ro 

4) 

X 

* 

tn 

< 

X 

X 

> 

* 

1— 1 

♦ 

X 

in 

O 

rH 

pH 

* 

(3 

* 

I 

rH 

pH 

pH 

* 

o 

X 

2 

XX 

* 

X 

♦ 

o x 

X 

> 

* 

X 

> 

* 

X 

> 

* 

X 

o 

O 

X 

3 

* 

in 

* 

< 

X 

X 

3£ 

4" 

in 

X 

rH 

4) 

O 

* 

X 

4" 

43 

ovx 

to 

TO 

* 

QC 

3 

43 

TO 

O 

ro 

O' 

TO 

* 

X 

X 

O 

* 

* 

X 

IX 

X 

< 

CL 

O 

ro 

O' 

CM 

4- 

4- 

* 

<: 

CL 

4) 

X 

ro 

O' 

in 

in 

* 

a 

a 

fH 

TO 

4- 

pH 

O' 

O 

* 

o 

II 

• 

X 

* 

>- 

* 

CJ 

X 

CL 

in 

in 

pH 

43 

TO 

O' 

CJ 

* 

a. 

in 

pH 

pH 

CM 

CJ 

ro 

ro 

* 

2 

m 

4- 

CO 

X 

ro 

43 

X 

* 

2 

2 

a 

2 

in 

* 

1-3 

* 

X 

X 

1 

rH 

rH 

CM 

ro 

* 

1 

* 

1 

pH 

pH 

rH 

* 

< 

X 

3 

* 

2 

* 

<n 

< 

IX 

a 

z 

* 

Q 

2 

* 

O 

z 

* 

* 

X-l 

3 

* 

X 

* 

< 

< 

•-H 

* 

< 

* 

< 

M 

* 

< 

o 

X 

l— 

1— 

* 

O 

* 

3 

oc 

X 

X 

X 

X 

X 

►— 

* 

3 

cc 

Ul 

UJ 

X 

X 

X 

X 

* 

3 

DC 

X 

X 

X 

X 

X 

* 

1—4 

X 

X 

<x 

* 

X 

* 

<3 

a. 

* 

3 

a 

* 

3 

Q. 

* 

QC 

<n 

3 

2 

X 

* 

X 

* 

ro 

4- 

00 

4- 

TO 

in 

* 

43 

o 

6 

9 

O' 

o 

* 

O 

4- 

43 

o 

4- 

in 

* 

X 

< 

X 

QC 

o 

* 

X 

* 

X 

X 

in 

oc 

• 

• 

• 

• 

• 

• 

* 

m 

cc 

• 

• 

• 

• 

• 

• 

$ 

in 

QC 

• 

• 

• 

• 

• 

• 

* 

X 

TO 

X 

a 

o 

* 

X 

* 

in 

> 

X 

* 

O 

> 

CO 

TO 

o 

X 

O' 

CJ 

* 

3 

> 

O 

rH 

CJ 

ro 

4- 

in 

* 

o 

> 

ro 

CJ 

X 

4- 

X 

X 

♦ 

H-l 

X 

X 

* 

* 

X 

X 

> 

in 

* 

in 

1 

o 

X 

O' 

o 

rH 

CJ 

* 

m 

1 

TO 

ro 

ro 

ro 

ro 

ro 

* 

in 

1 

o 

o 

O 

pH 

pH 

pH 

* 

QC 

X 

X 

2 

* 

* 

X 

X 

X 

X 

* 

3 

o 

O' 

TO 

TO 

O' 

O' 

O' 

* 

3 

o 

a 

o 

O 

o 

O 

O 

* 

3 

o 

O' 

O' 

O' 

O' 

O' 

O' 

* 

X 

QC 

X 

XH 

pH 

* 

* 

IX 

X 

— * 

* 

a 

* 

o 

rH 

pH 

pH 

pH 

pH 

pH 

* 

o 

* 

c 

X 

• 

* 

* 

+ 

* 

rH 

* 

rH 

* 

rH 

* 

2 

QC 

> O 

* 

* * 

* 

* 

* 

* 

* 

* 

* * 

* 

* 

* 

* 

* 

* 

* * 

* 

* 

* 

* 

* 

* 

* * 

* 

* 

* 

* 

* 

* 

X 

in 

X 

DC 

* 

* 

* 

* 

* 

»— 1 

X 

2 

< 

X 

* 

* 

X 

★ 

IX 

r*. 

ro 

ro 

X 

4- 

TO 

in 

* 

X 

— * 

pH 

in 

rH 

rO 

4" 

in, 

* 

X 

pH 

TO 

CJ 

in 

4- 

in 

* 

in 

<n 

3 

7 

I/O 

* 

* 

X 

X 

♦ 

< 

03 

• 

• 

• 

• 

• 

• 

* 

< 

CO 

* 

< 

CO 

• 

• 

• 

• 

• 

• 

* 

X 

o 

X 

XH 

X 

* 

* 

X 

< 

h— 

* 

W 

ro 

X 

O' 

43 

TO 

pH 

* 

in 

CJ 

4 

in 

43 

43 

* 

WP 

43 

pH 

O' 

X 

ro 

ro 

* 

3 

X 

II 

2 QC 

* 

X 

< 

a 

X 

* 

rH 

pH 

ro 

JT 

in 

* 

4- 

pH 

X 

pH 

rH 

rH 

* 

ro 

rH 

rH 

CJ 

ro 

ro 

* 

X 

•— 1 

< 

* 

* 

a 

W 

* 

X 

> 

* 

X 

>- 

* 

X 

> 

* 

• 

Q 

X 

X 

* 

* 

* 

X 

* 

<" 

X 

* 

CJ 

* 

to 

2 

1 

IL.‘ 

2 

* 

* 

* 

OJ 

•— < 

* 

»— 

* 

rH 

M 

* 

0 

< 

X 

QC 

* 

* 

N 

* 

X 

X 

X 

X 

X 

X 

* 

X 

X 

X 

X 

X 

X 

* 

X 

X 

X 

X 

X 

X 

* 

X 

X 

CL 

X 

* 

* 

X 

X 

* 

< 

X 

o 

rH 

ro 

a 

* 

< 

TO 

TO 

43 

43 

4" 

* 

< 

pH 

rH 

4- 

ro 

* 

• 

X 

o 

X 

* 

♦ 

in 

X 

<x 

II 

3 

rH 

43 

O' 

O' 

•43 

« 

II 

3 

4" 

X 

ro 

O' 

O' 

* 

Ii 

3 

X 

CO 

in 

X 

CJ 

* 

m 

X 

X 

2.X 

* 

* 

o 

3 

< 

* 

<3 

43 

4- 

cr 

X 

X 

* 

3 

X 

X 

43 

in 

in 

* 

3 

in 

CO 

ro 

in 

in 

* 

< 

a 

* 

* 

o 

to 

* 

NH 

rH 

pH 

rH 

rH 

pH 

* 

H 

* 

PH 

* 

pH 

QC 

X 

a 

* 

* 

* 

X 

TO 

* 

2 

DC 

* 

5. 

QC 

* 

X 

c 

CL 

a 

X 

* 

* 

* 

X 

* 

LU 

X 

* 

O' 

X 

>- 

X 

♦ 

* 

< 

p— 

* 

<3 

X 

in 

ro 

4- 

rH 

iM 

4) 

* 

3 

X 

4- 

co 

TO 

43 

CM 

CJ 

* 

3 

X 

in 

O' 

O' 

4- 

O' 

O' 

* 

pH 

in 

1— 

00 

2 

* 

* 

X 

IX 

* 

in 

< 

rH 

CO 

in 

TO 

O 

O 

* 

in 

< 

CJ 

CJ 

ro 

4^ 

4- 

* 

tn 

< 

CJ 

in 

O' 

pH 

pH 

* 

< 

3 

* 

* 

X 

< 

* 

J 

rH 

pH 

* 

JT 

* 

3 

rH 

rH 

★ 

2 

> 

> 

TOO 

* 

X 

* 

< 

—p 

* 

* 

4- 

* 

TO 

* 

O 

< 

< 

X 

* 

o 

* 

* 

CO  2 

* 

X 

2 

* 

CO 

2 

* 

3 

3 

x 'in 

* 

o 

* 

• 

< 

* 

t 

< 

* 

• 

< 

* 

a 

X 

X 

QC 

* X 

* 

* 

4- 

X 

o 

o 

O 

o 

o 

* 

O 

UJ 

o 

o 

o 

O 

a 

* 

pH 

X 

o 

o 

O 

o 

o 

* 

X 

X 

X 

< 

X 

* 

* 

X 

X 

* 

TO 

43 

O' 

pH 

ro 

ac 

* 

QC 

in 

ro 

CO 

X 

X 

* 

ac 

ro 

m 

rH 

43 

X 

* 

in 

3=—! 

X- « 

QC 

* 

X 

* 

in 

X 

* 

X 

CO 

pH 

O' 

43 

in 

* 

X 

X 

4- 

CJ 

rH 

pH 

* 

X 

43 

in 

ro 

ro 

ro 

* 

< 

a 

CL 

< 

< 

* 

* 

a 

X 

a 

w 

* 

II 

<n 

in 

pH 

* 

II 

m 

rH 

rH 

pH 

pH 

pH 

* 

ii 

tn 

rH 

* 

TO 

m 

in 

X 

* 

*— • 

* 

IX 

X 

< 

* 

< 

* 

< 

* 

< 

* 

< 

in 

* o 

* 

* 

CJ 

* 

u 

* 

X 

* 

X 

> 

> 

o 

2 

* 

* 

* 

* 

* 

* 

QC 

u 

X 

o 

* 

X 

* 

* 

O 

4" 

O' 

43 

43 

TO 

♦ 

o 

in 

in 

43 

6 

8 

* 

o 

a 

pH 

in 

x 

O' 

* 

< 

2 

2 

cc 

* 

X 

* 

* 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

* 

X 

X 

< 

1- 

* 

2 

* 

X 

*— < 

* 

— ■* 

o 

o 

CM 

X 

CJ 

CO 

* 

o 

CM 

ro 

4- 

in 

in 

* 

— * 

o 

pH 

4" 

o 

43 

43 

* 

in 

X 

X 

X 

< 

* 

X 

* 

o 

* 

rH 

pH 

pH 

* 

rH 

* 

rH 

pH 

pH 

pH 

* 

X 

DC 

QC 

3 

> 

* :cO 

* 

<r 

* 

- — • 

* 

wp 

* 

WP 

# 

m 

X 

X 

cc 

X 

* 

* 

X 

* 

* 

* 

* 

CD 

2 

2 

< 

X 

* 

* 

o 

X 

* 

<3 

o o 

CM 

X 

rH 

in 

* 

O 

o 

o 

CM 

4- 

43 

TO 

* 

O 

c 

o 

x ,o 

4- 

ro 

* 

X 

X 

X 

X 

X 

* 

* 

X 

X 

* 

X 

2 

o 

TO 

TO 

H 

o 

# 

TO 

2 

o 

4- 

TO 

CM 

CJ 

* 

O' 

2 

o 

rH 

in 

TO 

O' 

* 

* 

* 

in 

♦ 

o 

*— * 

pH 

43 

X 

O' 

CM 

* 

X 

*H 

pH 

rH 

pH 

CM 

CJ 

* 

o 

H 

pH 

•j-  o 

43 

4) 

* 

* 

* 

IX 

* 

OJ 

H- 

rH 

CJ 

ro 

* 

CJ 

X 

* 

(NJ 

X 

pH 

-i 

pH 

* 

pH 

c J 

m> 

4- 

in 

♦ 

* 

< 

* 

ro 

< 

* 

ro 

< 

* 

ro 

< 

* 

wp 

— - 

wr 

WP 

WP 

* 

* 

* 

i 

oc 

* 

1 

QC 

* 

1 

QC 

* 

* 

* 

* 

Cl 

* 

2 

* 

Cl 

* 

1 

* 

* 

* 

iX 

UJ 

ro 

4- 

TO 

4- 

TO 

in 

* 

X 

LU 

o 

m 

pH 

4- 

in 

* 

X 

X 

o 

O' 

pH 

in 

4^ 

in 

* 

* 

* 

> 

x 

* 

1 

X 

• 

• 

• 

t 

• 

• 

* 

1 

X 

• 

• 

• 

• 

• 

• 

* 

1 

1- 

• 

• 

• 

• 

9 

9 

* 

in 

* 

* 

X 

Ul 

♦ 

X 

•-H 

4- 

TO 

O 

X 

O' 

CJ 

* 

Ul 

rH 

TO 

o 

pH 

CJ 

CM 

* 

X 

o 

in 

ro 

rn 

X 

* 

X 

* 

* 

X 

X 

* 

X 

in 

X 

X 

O' 

o 

pH 

CM 

* 

X 

in 

CM 

CJ 

ro 

ro 

CO 

CO 

* 

X 

in 

O' 

O' 

o 

pH 

rH 

pH 

* 

x 

* 

* 

X 

* 

*— • 

uO 

X 

co 

O' 

O' 

* 

p- 

O 

o 

C3 

o 

o 

* 

PH 

CO 

TO 

O' 

O' 

O' 

O' 

* 

3 

* 

* 

* 

in 

* 

in 

pH 

rH 

pH 

pH 

pH 

pH 

* 

in 

* 

2 

3 

3 

o 

< 

Q 

< 


OC 

3 


2 

3 


O 

UJ 


UJ 

to 


• 2 

UJ  —< 
UJ  X 

ac 

<3  oc 
UJ  o 


< 1/0 

X X 


i-  o a 


< 

oc 

3 

o 

o 

< 

I 

a! 

UJ 

oc 

UJ 

o 

to 

2 

a 

<3 


STUDY  ARE A-CH ICCPEE  RIVER  SUBWATERSHED  UPPER  QUA80AG  RIVER 


* 

* 

* 

* 

* 

* 

* 

** 

p-4 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

»— i 

* 

* 

* 

* 

* 

* 

* * 

2 

00 

* 

UJ 

LU 

UJ 

o 

o 

— 

o 

O' 

O' 

in 

cn 

4" 

4- 

O 

O' 

e'- 

r- 

4- 

o 

o 

Q 

in 

4- 

m 

in 

* 

II 

CL 

* 

_i 

o 

> 

© 

II 

o 

O' 

CM 

in 

in 

in 

O II 

cn 

en 

in 

O 

4- 

4- 

X 

ii 

CM 

pH 

CM 

CM 

CM 

* 

z 

X 

_J 

-J 

o 

o 

X 

f—4 

—4 

-4 

<-4 

H- 

pH 

pH 

1— 

* 

X 

* 

—•  O 

X 

X 

2 

hh  ^ 

— « 

* 

» 

X 

* 

LL 

> 

w 

o o 

o o 

o o 

1/1 

* 

£ 

z 

o' 

Z 

Z _l 

* 

> 

2 

* 

O LL 

O LL 

o 

LL 

* 

< 

o 

* 

X 

fH- 

vO 

O' 

cn 

cn 

cn 

O' 

O' 

4- 

cn 

ao 

ao 

_l 

in 

o 

4- 

4- 

4- 

^ t 

2 

1/1 

* 

o 

p» 

St 

cn 

cn 

4- 

4- 

4- 

CM 

CM 

cn 

4-  4- 

4- 

m 

cn 

cn 

m 

cn 

* -J 

X 

— 

X 

* 

X 

LL 

< 

< 

< 

* Ox 

at 

< 

* 

* 

4- 

UJ 

O LU 

o 

UJ 

* o 

— 

< 

a 

* 

4*  CL 

in  a 

cn 

0. 

* a. 

X 

a 

* 

1 

o 

m 

cn 

O' 

O' 

o 

I 

m 

O 

O' 

0s 

o 

O 

1 

O' 

o 

O' 

cn 

rn 

* 

1/1 

X 

* 

— 

X 

• 

* 

• 

• 

• 

* 

4>  - 

J 

• 

• 

• 

• 

• 

43 

•> 

• 

• 

• 

• 

• 

* X 

o 

* 

X 

H 

2 

4- 

CM 

>C  O' 

O' 

o 

Z 

o 

in 

4-  C 

O 

pH 

z 

f"- 

cn 

43 

e- 

r- 

* < o 

o 

* 

0. 

UJ 

00 

i 

O 

O 

v0 

<0 

SO  P- 

1 - 

o 

o 

o 

h4  CM 

CM 

i 

—4 

o 

o 

o 

o 

o 

4 »-H 

* 

O -1 

X 

CM 

r- 

f* 

r- 

CM 

o 

o 

o 

O 

o 

o 

CM 

n- 

r- 

n- 

n- 

* 

O 1- 

a; 

* 

X 

UJ 

— » 

4- 

O 

4-  O 

—4 

I— 1 

r-H 

pH 

pH 

4-  O 

* 

•— 

o 

* 

CO 

n- 

co 

* 

LL 

M 

X 

* 

* 

* 

* 

* 

* 

LU 

• 

* 

* 

* 

* 

* 

* 

* 

LU  • 

* 

* 

* 

+ 

* 

* 

* 

LU 

• 

* 

* 

♦ 

* 

* 

* 

* + 

UJ 

e- 

* 

O 

r- 

o n- 

Q 

p- 

* 

2 

> 

* 

< 

X 

CM 

4" 

4- 

1—4 

CM 

o 

e- 

>0 

4- 

4- 

ao 

co 

X 

ao 

o 

4- 

4- 

ao 

* 

X 

» 

X 

at 

UJ 

o 

X 

ao 

CO 

in 

e'- 

e'- 

H- 

p- 

O' 

in 

cn 

cn 

I— 

00 

4- 

e- 

oe 

co 

* 

C0 

a 

»» 

UJ 

* 

X 

< 

— « 

ii 

CM 

CM 

ro 

cn 

en 

en 

' II  i 

pH 

CM 

CM 

i— < 

ll 

pH 

pH 

pH 

— H 

f-H 

* 

X 

at 

2 

X 

* 

< 

-p» 

X 

l— 

e— 

* 

O 

e- 

< 

© 

< 

* 

< 

LL 

< U. 

< 

U. 

* 

2 

< 

X 

x 

3 

* 

LL 

r- 

00 

0 

0 

cn  4" 

_J  U. 

4- 

o 

4" 

cn  4- 

_j 

LL 

o 

CM 

o 

•J- 

o 

* 

M 

> 

—* 

oo 

* 

s» 

— 

O 

• 

• 

• 

• 

» 

• 

O 

• 

• 

e 

• 

• 

• 

O 

• 

• 

• 

• 

• 

* 

o 

< 

at 

LU 

X 

* 

LU 

-J 

z 

o 

J3 

o 

in 

r- 

r- 

z 

00 

CO 

cn 

Osl 

h- 

1"- 

z 

in 

00 

cn 

4- 

in 

X 

O CL 

a 

O 

* 

X 

oo 

o 

in 

in 

>0 

>0 

4) 

4> 

o 

O' 

O' 

O 

pH 

X 

o 

O' 

o 

O 

o 

* 

X 

X 

!— 1 

* 

UJ 

X 

at 

r- 

r>- 

r» 

r- 

r~ 

e- 

at 

O' 

O' 

o 

o 

o o 

X 

<o 

e- 

n- 

r- 

* 

o 

X 

X 

X 

* 

— » 

p-^ 

H 

pH 

pH 

* 

z 

II 

at 

* 

; 

£ PH 

X 

< 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

* 

* 

* 

* * 

00  0t 
OUJU 

o a < 


UJ  00 
O LU 

< at 
at  u 
o 

X X 

00  < 


00 


n tfij'fl 
o xrn  4-'  4- 


a at 
x o 

LU  X 
—•  CO 
LL 

*t  2 

o o 

o — 

X oo 

CD  UJ 

a 

x 

i—  > 

a 3 

O Cl 


C 2 

< x 


o o o o c 

O'  x o x 4> 

CM  CM  CM  CM  CM 


oo  43  x cm  cm 

• • • « • 

•O  O'  4"  4"  4' 


cn  O'  oo  co  o 
oino 

M h CO  O N 

cm  cn  4-  4-4- 


en 

4\  0O 

I LL 

43 
in 
I O' 
X 00 

o 


164- 


O CM 
co  o' 


o o 


x 

o 


2 

O 


z a 


o o c 
co  co  m 
>9-  in  4- 


HON 


CM  O'  •4' 
4>  cn  4" 
ooo 


o 

* 

* 

X 

at 

X 

X 

X 

X 

X 

X 

* 

Z>  at 

X 

X 

X 

X 

X 

X 

© 

at 

x 

X 

X 

X 

X 

at 

* 

* 

<3 

X 

* 

O X 

© 

a. 

X 

* 

* 

in 

cn 

n 

o 

4- 

n 

* 

O 

n 

O' 

43 

O' 

o 

O' 

CM 

O 

in 

cn 

X 

* b- 

X 

* 

oo 

at 

• 

9 

9 

9 

9 

9 

* 

O0 

X 

9 

• 

9 

9 

9 

9 

00 

at 

9 

9 

• 

• 

9 

X 

* co 

> 

X 

X 

* 

O 

> 

4" 

4- 

X 

m 

CM 

CM 

* 

o 

> 

43 

n 

o 

O' 

4- 

n 

o 

> 

o 

cn 

© 

X 

o 

* X 

X 

> 

00 

* 

00 

1 

in 

in 

n 

43 

4) 

43 

* 

00 

\ 

O' 

O' 

o 

o 

00 

1 

o 

ao 

O' 

O' 

o 

* at 

X 

X 

X 

X 

c 

X 

X 

X 

X 

X 

X 

* 

3 O 

O' 

O' 

o 

o 

© 

o 

© 

o 

X 

4> 

43 

43 

X 

* o X 

o 

* 

O 

pH 

-H 

pH 

pH 

o 

* 

+ 

* 

* 

pH 

* * 

* * 

* 

* 

* 

* 

* * 

* 

* 

* 

* 

* 

* 

* * 

* 

* 

• 

* * 

* * 

* 

* 

* 

* 

* I 

* 

o 

— * 

X 

o 

in 

4- 

n 

* 

o 

ao 

pH 

4- 

CM 

4- 

n 

© 

o 

CM 

O 

in 

CM 

* b- 

X 

p 

* 

< 

co 

• 

9 

• 

9 

9 

9 

* 

< 

< 

• 

• 

t 

9 

9 

9 

< 

03 

• 

• 

9 

9 

9 

* CL 

;■*» 

< 

X 

* 

o 

4- 

CM 

O' 

n 

n 

* 

4) 

cn 

CM 

cn 

© 

o 

HP 

X 

© 

x 

4- 

X 

* X 

< 

C3 

X 

* 

CM 

x 

pH 

CM 

CM 

cn 

cn 

* 

43 

iH 

CM 

cn 

4- 

4- 

pH 

pH 

X 

CM 

CM 

* Q 

* 

4- 

> 

* 

m 

> 

O' 

>- 

* 

* 

O' 

t— 

* 

n 

X 

4- 

h- 

* 

* 

cn 

w 

* 

pH 

PH 

in 

PH 

« X 

* 

X 

tu 

a 

<U> 

a 

u 

* 

X 

<-> 

<J3 

o 

© 

© 

X 

© 

© 

© 

© 

* X 

X 

* 

< 

O' 

00 

o 

cn 

CM 

* 

< 

X 

4- 

O' 

pH 

O' 

< 

X 

pH 

O 

pH 

* 

at 

X 

-A 

* 

ii 

X 

00 

CM 

n 

X 

X 

* 

ii 

X 

4- 

cr 

cn 

n 

© 

cn 

ao 

4- 

m 

i 

* o 

X 

< 

* 

c? 

CM 

4- 

cn 

cn 

cn 

* 

<3 

— 1 

X 

43 

n 

n 

© 

4- 

43 

'J- 

4- 

* o 

«/1 

* 

H 

* 

PH 

pH 

PH 

pH 

* 

X 

at 

* 

2 

at 

2 

at 

sic 

* 

UJ 

* 

X 

X 

in 

t- 

< 

* 

a x 

pH 

pH 

43 

o 

cn 

4- 

* 

CJ 

X 

n 

O' 

4- 

o 

00 

O' 

3 

O' 

o 

CM 

in 

* 

X 

o 

* 

oo 

< 

^H 

in 

O' 

ao 

cn 

cn 

* 

00 

< 

CM 

43 

o 

n 

n 

O0 

< 

«— 1 

4- 

co  cn 

in 

* 

at 

< 

* 

X 

pH 

CM 

cn 

cn 

* 

* 

pH 

pH 

pH 

3 

pH 

pH 

X 

* 

< 

op* 

* 

43 

* 

o 

cc 

o 

* 

* 

pH 

X 

* 

4- 

in 

2 

o 

* 

* 

• 

« 

• 

9 

< 

9 

< 

a 

* 

He 

* 

43 

X 

o 

o 

o 

O 

o 

* 

CM 

X 

O 

O 

O 

O 

o 

30 

X 

O 

o © 

o 

* X 

X 

* 

at 

cn 

4- 

n 

X 

X 

* 

at 

43 

CO 

O' 

X 

X 

at 

O' 

o 

in 

pH 

X 

* i/i 

at 

* 

X 

43 

CO 

cn 

CM 

CM 

* 

X 

cn 

CO 

4- 

cn 

m 

X 

4> 

pH 

4- 

4- 

< 

* o 

X 

u 

***> 

* 

ll 

CO 

43 

* 

ll 

OO 

cn 

II 

00 

in 

— 1 

PH 

* a 

X 

< 

* 

< 

* 

< 

< 

U 

* 

* 

X 

* 

C3 

X 

* 

* 

o 

cn 

o 

n 

O 

CM 

* 

o 

ao 

pH 

pH 

O 

pH 

o 

CM 

X 

O' 

00 

X 

* 

2 

• 

9 

9 

9 

9 

9 

* 

9 

9 

9 

9 

9 

9 

z 

* 

X 

*H 

* 

o 

O 

cn 

co 

4- 

4- 

* 

P-s 

o 

o 

4- 

pH 

00 

oo 

PH 

o 

O 

pH 

CM 

cn 

X 

* 

O 

♦ 

rO 

pH 

* 

pH 

pH 

cn 

|C0 

* 

< 

* 

w 

* 

w 

* 

at 

* 

* 

! 

* 

c 

H* 

* 

O 

o 

o 

CM  43 

O' 

pH 

* 

O 

o 

o 

H 

CM 

4- 

cn 

o 

o 

© 

43 

O' 

in 

* 

X 

X 

* 

o 

z 

o 

O 

O 

o 

n 

* 

pH 

z 

o 

4- 

CM 

O 

pH 

in 

z 

© 

© 

pH 

CM 

1 

* 

i/> 

* 

pH 

►— 

pH 

o 

CO 

43 

43 

* 

pH 

pH 

n 

4-  cn 

cn 

pH 

pH 

in 

cn 

X 

* 

o 

* 

CM 

X 

pH 

CM 

4- 

4- 

* 

CM 

X 

pH 

CM 

CM 

CM 

X 

pH 

pH 

* 

< 

* 

cn 

< 

* 

cn 

< 

cn 

< 

* 

* 

1 

at 

* 

1 

at 

1 

at 

* 

* 

X 

* 

CL 

a 

* 

— *> 

* 

u 

X 

o 

ao 

o 

n 

4- 

in 

* 

U 

X 

00 

o 

4- 

pH 

4- 

n 

o 

X 

o 

CM 

© 

in 

cn 

e 

> 

X 

* 

! 

X 

9 

0 

• 

« 

9 

9 

1 

X 

9 

• 

0 

9 

9 

9 

l 

X 

• 

• 

9 

9 

9 

* 

X 

03 

* 

X 

PH 

X 

p=4 

O' 

43 

CM 

CM 

* 

X 

PH 

00 

n 

4- 

n cm 

CM 

X 

HP 

© 

cn 

o 

X 

© 

* 

X 

X 

* 

X 

00 

cn 

4- 

4- 

n 

43 

43 

* 

X 

03 

X 

ec 

O' 

O 

pH 

X 

uo 

CO 

ao 

O' 

O' 

© 

* 

X 

w 

* 

HP 

X 

X 

X 

X 

lx 

X 

* 

t— < 

O' 

O' 

O' 

o 

o 

o 

p 

43 

4) 

43 

X 

6 

* 

00 

* 

00 

f=H 

*«■! 

pH 

oo 

oo  oo 
in  O' 


o o o 

•O  H H 

en  en  cn 


in  43 


H CVI  (M 
ffi  h m 

cm  in  'O 

o-  x x 

•— < CM  CM 


>0 
X 00 
I U. 
O O 

0 

1 00 
CM  4- 
x x 


o 4- 

>r  cn 


O x 


■o  in 
in  o 


LL 

St  z 

o o 

o « 

OO  00 
CO  LU 

o 


X 3 
O Q-! 
2 oo  | 
i I 
O 2 1 
< xl 


0,0  o o o 
cm  x r—  i m O' 
cojcn  O'  4"  co 
co 


x[4-  cm  O O' 

• • •!  • • 

4^,0  x m CO 

l 

O'  O'  inx  4- 
o'  >o  x,a3  O' 
oo  i «— i in  ,en  x 


UJ 
Z 00 
O 


H » Z 


00 

O 

O 


UJ  0l 

o!o 

< 0C 
0t:Q 
O 

H LU 
O0X 
LU 

a: 

< o 

Hz 

OiO 

1 x a 
o II 
2 Z O 

•<0|  . 

< Q LU 
HI  UU  I— 

i0t  OOlU 

'uj  < x 
£ ®ia 
at  uj  lu 
O X H- 

< UJ 

2 at 
O oo  o 

~ X Z 

ioo  00  o 
!lu  o o 
Q O II 
o 

. a 

,00  Z I 
. < UJ 

o |o 

• LUO 

|l0O,O 

X Qt 1 LU 
0-0  0. 
O'  X > 

H 1/1  h- 

z > > 
o < < 

3 3 

a _i  x 

UJ  _J  X 

00  x X 

< a.:  a. 

03  00|00 

UJ  > > 
X O O 

< Z 2 

LU  UJ 

00  o o 

x a:  at 

00  LL’  LU 

0X2 

O LU 


* H- 

fl£  o 
0,0 


I 


2 

o 


!u 

I LU 


| LU 

00 


>1° 

X\ 

<!X 

2 oo 
LU 
X 
< 
UJ 
LU 
X 
CL 


LU 


,h  cm’co  4- 


< 

• Z 

UJ  x 

LU  U. 

X 

O X 
UJO 
a ll 

Hui 
< 00 
X o 


1-0  0 


oo  O 
UJ 
O X 
LU 

<2; 

> c^j 

LU  Z 

o 

LU  O 


LU  O 
l-  O 
< 

X * 
© * 

O 

o 

< 

i 


X 

UJ 


o 

> 

X 

UJ 

to 

3 

“I 

2: 

< 

UJ 

ex 

3 

00 

CL 

3 


2| 

x 

O! 

U.I 


<: 

°l 

>■ 

Xj 

<ti 

x: 

£ 

00 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

4c 

4c 

* 

* 

* 

* 

* 

* 

* 

* 

QC  * 
UJ  * 

> * 

3 * 

QC  * 

* 
* 
* 
* 
* 
* 
* 


q in 


< <-< 

00  > 


< 

X 

CD 

3 

00 


O 
< 
o 

CD 

< 

o * 
* 

QC  * 
UJ  * 

a * 
a * 
3 * 
* 

a * 

UJ  * 

x * 

00  * 
QC  * 
UJ  * 

* 
* 
* 
* 
* 
* 
* 
* 
* 
♦ 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
♦ 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
♦ 
* 
* 
* 
* 
* 
* 
* 
* 
* 
4> 
* 
4i 
* 
41 

4> 
* 
4> 
41 
* 
* 
* 
* 
* 
41 
# 
4i 
4i 
41 
4i 


QC 

UJ 

Z 3 
CD  < 
3 X 

00 

LU  X 
Q CD 

(— i 

X 

4>  * 


O'  UJ 

O 
3 DC 
< UJ 

a. 

41  4C 
* 

* 

* 3 
+ _/ 

* 3 

4>  LL 

* 

4c 

4c 

* 

* 

* 

4i 

* 

* 

* 

* CL 
4<  O 

4>  3 

* 

* 4> 
4i 

* 

4> 

* 

* 

* 

* 

* 

* 

* 

4i 

* 

* 

41 
41 
* 

4> 

* 

4< 

4> 

* 

* 

4< 

4> 

* 

41 
* 

4> 

4> 

4> 

* 

4> 

* 


I 

UJ  — 

o a 

z o 

< £ 

X — 

o 

* 41  41 

o — • 
o > 

_J  o o 

o -• 

> w 


> 

UJ  00 

X 

UJ  ~ 

i 

4i  4i  ; 4> 

< — 

UJ  1 o 

QC  <t 

< ; 


> ~ 
UJ  ! _J 
3 1 00 

uj  ; z: 


UJ 

Q 

3 


CD 


4>  4i  * 4i 


LL1  — 
QC  | 

UJ  O w 


4> 

* 

4i 
4> 

* 

* 

* 

* 

* 

* 

4c 
* 

* 

* 

* 

4> 

* 

* 

* 

* 

4c 
* 

* 

* 

4> 

41 

4i 
* 

4<  1 

4<  LU 

* Q 
4i  3 
41  3 

* ; 

4i  1 3 
4i  < 
4i  3 
* : 

1; 

* I 

4< • 

* ! Q 

* ! _ J 


o u- 


00  < 


■ a 
< 


4<  ! DC 
4«  ! CD 

* 

* X 
4i  |3 
4i 

* 

4< 

* 

* 

* 


X 4> 
QC 

o 


* 

00 

QJ 

in 

oa 

r- 

* 

(M 

4- 

N- 

O' 

0s 

♦ 

* 

O 

O 

O 

0 

0 

* 

<1 

4i 

* 

4i 

41 

* 

S\ 

O 

O' 

O 

>4" 

CO 

r-t  - 1 

vO 

in 

in 

H 

rH 

rH 

0 

O 

0 

0 

in 

ra 

M- 

in 

■n 

co 

ra 

O' 

O' 

■n 

0 

• 

• 

• 

• 

• 

• 

r-i,  ra 

rH 

O 

CD 

O' 

in 

ra 

NT 

in 

in 

in 

JO  co 

00 

CO 

00 

00 

* 

41 

4< 

4< 

4> 

* 

0 

>4- 

O 

O 

rH 

CM 

ca 

r-^ 

(M 

ra 

>4- 

>4- 

in 

-4- 

O 

ra 

00 

in 

• 

• 

• 

• 

t 

• 

O 

C 

O' 

O 

>4- 

ra 

■4- 

>4- 

in 

in 

00 

00 

00 

00 

00 

x> 

♦ 

4> 

* 

* 

* 

4> 

O 

O 

O 

O 

c 

O 

O 

P^ 

O 

O' 

O' 

O' 

CO 

O 

O 

CO 

00 

(M 

CM 

O 

O 

O 

0 

00 

t 

• 

• 

• 

• 

• 

r— < 

rj 

0 

'£ 

ra 

N- 

in 

n- 

p- 

0 

r— ( 

r— < 

CM 

0 

nT 

N- 

in 

CM 

in 

p- 

p- 

* 

* 

3 

QC 

3 

p~ 

P- 

3 

3 

UJ 

41 

3 

CC 

3 

3 

3 

4> 

* 

O' 

CL 

41 

C J Cl 

4> 

4> 

O 

in 

O 

X 

ra 

0 

4< 

O 

CM 

>4- 

4( 

P- 

3 

««. 

4< 

to 

CC 

• 

• 

• 

• 

• 

• 

♦ 

00 

oc 

* 

• 

• 

4> 

00 

> 

a 

3 

# 

O 

> 

P~ 

'4- 

ra 

0 

>4- 

4i 

O 

>■ 

ral  x 

CP 

4* 

UJ 

3 

>- 

00 

* 

00 

1 

Np 

CM 

ra 

t4- 

in 

X 

4< 

00 

1 

X 

X 

* 

oc 

3 

X 

* 

3 

O 

00 

X 

X 

X 

X 

X 

4( 

3 

0 

X 

X 

X 

4< 

0 

3 

— 

4< 

O 

4* 

0 

# 

+ 

41 

rH 

* 

r—i 

* 

* 

4> 

4> 

4( 

* 

4>  4> 

4> 

* 

* 

4> 

* 

4i 

4>  4i 

4i 

* 

4i 

* 

4i 

4< 

X 

* 

O 

— 

ra 

in 

O 

ra 

X 

m 

♦ 

U 

— » 

rH 

CM 

sf 

♦ 

1— 

X 

* 

< 

CO 

• 

« 

• 

t 

• 

• 

4> 

< 

co 

• 

• 

« 

* 

0l 

1— 

< 

1- 

* 

— 1 

CO 

CM 

r—i 

CM 

O' 

O 

* 

—r 

O 

ca 

4> 

UJ 

< 

a 

3 

4> 

rH 

CM 

ra 

•O' 

•4- 

X 

* 

ra 

r—i 

3 

CM 

* 

0 

* 

ro 

> 

4> 

pH 

> 

41 

4< 

m 

4< 

< 

h~ 

* 

♦ 

rH 

4i 

X 

1— * 

4< 

* 

3 

O 

CJ 

0 

O 

0 

4< 

3 

0 

CJ 

4> 

P- 

3 

— 

>P 

< 

rH 

ra 

ra 

O 

0 

4< 

< 

CM 

3 

* 

00 

CC 

0 

4* 

II 

3 

M" 

p^ 

in 

O' 

0 

4< 

II 

3 

O 

X 

* 

0 

3 

< 

w 

4> 

O 

CM 

O' 

OJ 

O' 

O' 

4> 

O 

Si" 

CM 

4* 

0 

00 

4> 

|~4 

ra 

CM 

CM 

r—i 

rH 

4> 

HH 

3 

r—i 

* 

4< 

s: 

DC 

4> 

X 

QC 

* 

4> 

3 

4< 

3 

4< 

< 

— . 

* 

0 p- 

0 

in 

in 

ra 

sir 

4> 

0 p- 

X 

X 

O' 

4i 

3 

0 

* 

to 

< 

rH 

rH 

CM 

ra 

ra 

4i 

00 

< 

<M 

ra 

3 

* 

QC 

< 

* 

JC 

41 

3E 

4i 

< 

w 

♦ 

CO 

4i 

CM 

* 

4< 

0 

X 

* 

O X 

41 

4< 

• 

< 

4> 

t 

<1 

• 

p- 

4< 

CM 

3 

0 

0 

0 

O 

0 

4« 

0 

3 

O 

O 

* 

p- 

3 

A 

4> 

OC 

in 

in 

0 

ra 

r—i 

♦ 

3 

QC 

X 

CM 

* 

00 

QC 

¥P 

4> 

p- 

<-a 

rH 

ra 

O 

O 

4> 

P- 

ra 

ra 

4« 

0 

3 

u 

4< 

II 

to 

ra 

CM 

r-l 

rH 

rH 

* 

II 

OO 

X 

3 

* 

0 

a 

< 

* 

< 

* 

< 

41 

4< 

O 

* 

O 

4« 

4< 

♦ 

* 

4> 

0 

X 

O' 

X 

X 

O 

* 

O 

CM 

>4- 

41 

z 

4t 

• 

« 

• 

• 

• 

t 

4i 

• 

a 

• 

* 

3 

•—1 

4< 

0 

0 

rH 

ra 

in 

s0 

4> 

r— * 

O 

O 

3 

* 

0 

4< 

rH 

* 

ca 

41 

< 

4i 

w 

4> 

* 

QC 

* 

4> 

4> 

O 

p- 

4> 

O 

0 

0 

O' 

p- 

•4- 

p- 

4> 

0 

O 

O 

O' 

4< 

P- 

3 

4< 

z 

0 

0 

CM 

■4- 

X 

4i 

00 

z 

O 

X 

* 

00 

4> 

rH 

1— 1 

rH 

CM 

<4- 

O 

X 

4i 

r—i 

>-H 

r—i 

3 

* 

O 

* 

CM 

p- 

* 

CM 

♦ 

< 

* 

ra 

< 

* 

ra 

< 

4> 

* 

1 

QC 

* 

1 

CC 

* 

* 

a 

* 

a 

4> 

— 

* 

0 

3 

in 

O 

ra 

X 

X 

* 

0 

3 

O 

CM 

'4- 

* 

> 

3 

* 

l 

P” 

• 

• 

• 

« 

» 

• 

4i 

1 

3 

• 

• 

• 

* 

3 

O0 

* 

3 

>— < 

0 

'4' 

ra 

>4- 

r—i 

OJ 

* 

3 

3 

X 

X 

O' 

4> 

3 

X 

* 

00 

r-i 

CM 

ra 

M- 

n 

X, 

4i 

P- 

00 

M- 

•4- 

X 

4> 

3 

-rr 

4< 

H 

00 

X 

X 

X 

X 

00 

* 

*-» 

v0 

X 

X 

4i 

00 

- 

* 

00 

■165 


Q 

3 


CD 

z 

o 


41 
* 

* 

* 

4c 
4> 

* 

* 

* 

41 
* 

4< 

4< 

* 

* 

* 

4c 

*1  -J 

!l 

♦1  ^ 

* I CM 

* : I 

*1^ 

* 3 

*1  I 

4ci  <M 

;r 

:i£ 

* 3 
*|3 
41 1 3 
41 


3 O 
nJ-  O' 


00 
LL 
O 

4>  • * 

in  * o — 

O 4i 

CO 

3 * * 41  41 


o 
o 

• 41 

00 


CO  O eg 
0-4-0 


in  (nj  vO 
in  m -r 


O'  o m 
• • • 

O'  r»  o 
00  >0  CO 
000 


< LL 
3 LL 
O 

z 

3 

QC 


X * 

QC 

O 


z 

o 

00 

UJ 

a 


uj  > 
QC  X 

< a 
x 00 

I 

a z 

< 


* * * 

ca  3 o 
cm  O'  ra 
CM  —1 


pa  cm  ra 
* • • 

in'  ra  >4- 
00  o 3 
>o  O n0 


* * * 

000 

3 3 CP 
CM  | O'  3 
I CM  3 


o ra  o 

*1  • • 

3 O 3 


(MOO 
cm  co  ra 

p — H CO 

ra! 


in  <4-  co 
-o  cd  cr 


ra  >r  >4 


a-  co  o 
000 


in  m in 
in  in  in 


CO  O'  N 
• • • 

O'  O'  O' 
00  00  00 
000 


* * * 

-4-  3 CM 

cm  in  in 

CM  CM  CM 


in  3 3 
co  co  co 
000 


000 

3 -4-  CM 

in  ra  ra 


o in  00 

• • • 

>?•  so!-d 


O -4-  O 
in  3 cm 

H vp  vO 

cm  ra  . ra 


CM  3jf\J 
3 CO  00 
-O  nOi'O 


4,  4,  ; 4, 


p-  >o|3 
ra  sj-  vj- 


o 00 
ra  tn'vO 
O 43|h 
O'  o o 


ra  o 
cm  a- 


o o 
ra  sr 
in  ra 


O'  -4- 

• • 

ra  O 


O -4- 

a-  o' 
o ra 
cm  ra 


m in 
• • 

CM  *H 
co 
o o 


r-4  00 
I U. 
O'  U 

0 

1 '«■ 
cm  ra 
a-  >o 


O -o  'tjao 
-h  r-  m 


UJ 

a 

3 11 
p— 

>—  x 

o o 

Z 3 
O LL 
3 

* 
<' 
UJ, 
<4-  Q. 

PL  J 


—>  O CO  1 CM 
nO  O sO.P^ 


ra  o p~-  r*- 
ra  4-  sj-  sf 


O'  in  o 


ra 

co  o>  O' 
v0  o >o 


< u. 

_l  LL 

o 

z 

3 

oc 


O O O'iP'" 
■4-  O o|r-c 


h-  a-  00  cm 


(VION 
P^  00  00 


X;  * * * 

QC 
O 


S| 

*— 1 

00 

UJ 

01 

I 

UJ  >\ 
OC  3 

< a 

* ^ 

<!>>< 

< *-»: 
3 oc 
O Cl 

00  ex1 
O >•! 
00  | 
3 O 
O 


O — 

< CO 

CM 
ra 
o 
in  <-* 
3 
< 
II  3 
ar 

X oc 

UJ 
O K 

00  < 

3C 
O 
00  X 
• < 
00  UJ 
QC 
H- 
H 00 

< 

a 


'Oi'O 


00 


ra 


00 


O' 


CM 


OO 


a-  r- 


00 


UJ 

1 z 00 
i O uj 
Z O0 

i O 

i 11  cl 

;z  = 

! -a. 

! 00 

1 > Z 

1 < o 

•;  x 00 


o 3 

0 — 
aj  a 

<-  o 

01  p~ 

— i 

U.I  II 
UJ  p- 

z 

UJ  •> 
CD  O 
UJ 


QC 

I-  < 
< 

> 

< ex 
O CL 


X 

X 4> 

O 

3 3 

* 

Z 

II  X 

3 < 

41 

* * 

* * 

* 

» 

► Z 

O 

O * 

3 

CL  X 

3 

3 41 

O 

0 0 

CM 

3 4i 

• < 

X X 

pH 

< QC 

0 X 

* 

3 O 

* 

< 3 

3 X 

* 

O X 

3 3 

3 

O * 

3 X 

t 

• # 

3 -J 

X 3 

rH 

X 41 

00  < 

O CD 

♦ 

O 3 

Z 3 

* 

O O 

O 3 

X 

X 41 

3 

O 

N 

X 4> 

O 

II  • 

3 

ra  4c 

Z Z 

0 z 

pH  $ 

< O 

0 

* 

t*  M 

< a 

3 3 

3 

3 41 

l~C  3 

3 < 

* 

QC  X 

3 X 

X 

CM  4c 

3 < 

X X 

• 

• * 

3 X 

O O 

-P  4c 

►H 

3 

X 4> 

QC  3 

3 Z 

X 

X 41 

0 oc 

3 3 

* 

< 

3 

z 

X >- 

CD  X 

O X 

1 * 

>—  3 

z < 

3 

OJ 

X X 

0 z 

• 

• 

3 O 

CD  3 

O 

0 

Q O 

II  X 

ca 

>4- 

O 3 

• a 

-J 

* 

X z 

1 3 

* 

• < 

3 X 

0 

O 4> 

u 

CO  Cl 

3 

X * 

• 3 

O 

X 

r * 

X CD 

0 z 

O' 

CM  41 

< 

0 

pH 

-*  * 

3 0C 

3 

* 

3 O 

X O 

O'  3 

> 3 

pH 

3 

3 X 

3 X 

X 

X 

4c 

< 

P 

z > 

>*  X 

« 

0 < 

< 

* 

X 

X 3 

* 

O 3 

3 X 

0 

O 

« 

3 3 

3 < 

0 

3 

X 1-1 

f-r 

"p 

X 

* 

< 0. 

X < 

4! 

X X 

X 3 

41 

< 

♦ 

3 > 

> a 

* 

X O 

0 

X 

X 

* 

< z 

Z X 

• 

• 

* 

3 

3 < 

pH 

CM 

* 

X CD 

O 3 

41 

3 X 

X 3 

* 

X 3 

3 X 

* 

O Z 

2.  < 

X 

X 

* 

O 3 

3 3 

0 

pH 

* 

3 

X 

* 

•H 

4c 

3 CM 

ra  -4- 

4c 

4> 

W W 

w w 

X 

CM 

* 

4c 

1 

• 

• 

* 

X 

sr 

* 

3 

3 

X 

* 

h~ 

>0 

X 

* 

0 

! 

1 

* 

z 

I Z 
o 


UJ  *-“• 
LU  LL 
QC 

o 

UJ 
CJ 


00  3 

Z UJ 
O CX 
I— I UJ 

P-  o 

< I-* 
> 00 
UJ  z 
3 O 
LU  U 


m 

UJ 


< 


> 

oc 

x 

x 

oo 


-166 

* 

4 

ro 

* 

O 

4 

M3 

* 

3 

4 

co 

on 

4 

O l/» 

4 

cm  in 

* 

a 

in 

Z 

Ul 

— ■* 

4 

l 

LL. 

4 

O' 

CO 

CO 

col 

4 

1 

u 

4 

O 

cn 

o 

o 

pH 

4 

1 

3 

4 

CM 

o 

o 

CO 

* 

UJ 

_j 

O' 

UJ 

x 

Q 

4 

CO 

X 

4 

CO 

CV 

CO 

o 

4 

MO 

o 

4 

CM 

ro 

in 

M3 

M3 

M3 

3 

4 

CO 

ao 

'J- 

03 

* 

3 

UJ 

x 

z 

o 

4 

o 

4 

• 

• 

• 

• 

4 

o 

4 

4 

O 

4 

• 

• 

• 

• 

4 

< 

PH 

O' 

< 

X 

4 

1 

C 

4 

o 

p-4 

CM 

CO 

* 

1 

O' 

4 

o 

O 

o 

O 

O 

4 

1 

o 

4 

o 

O 

pH 

pH 

4 

00 

>i 

< 

u 

X 

4 

<\J 

v0 

4 

4 

CM 

o 

4 

4 

<\ 

rH 

4 

* 

a. 

o 

4 

3 

sO 

4 

r» 

CM 

* 

P- 

* 

4 

4 

4 

* 

4 

* 

* 

4 

i—H 

4 

4 

4 

4 

4 

4 

4 

♦ 

4 

4 

4 

4 

4 

4 

4 

* 

4 

4 

4 

4 

4 

4 

* 

4 

4 

Ul 

4 

LU 

4 

3 

4 

4 

Q 

4 

Q 

M> 

4" 

CO 

O' 

O' 

* 

a 

vO 

4- 

>0 

rH 

M3 

pH 

4 

a 

O' 

O' 

O 

CO 

CM 

4 

4 

_j 

o 

>- 

4 

3 

II 

•4- 

3 

r-t 

CO 

4- 

4 

3 

II 

•H 

pH 

CM 

M3 

O' 

o 

4 

X 

ii 

O' 

O' 

pH 

CM 

M3 

4 

4 

3 

-J 

a 

u 

4 

3 

r=-L 

pH 

H 

4 

h- 

pH 

4 

i- 

pH 

CM 

4 

4 

H=4 

o 

3 

4 

PH 

3 

4 

H* 

3T 

4 

•_ 

.£ 

4 

4 

u_ 

> 

w 

4 

IX 

<3, 

♦ 

a 

O 

* 

o o 

4 

4 

4 

z 

_l 

4 

Z 3 

* 

z 

3 

4 

4 

4 

a 

LL 

4 

o 

UL 

4 

c 

3 

4 

4 

5-~ 

4 

3 

o 

O' 

4" 

in 

43 

* 

3 

o 

oo 

in 

O- 

M3 

r» 

* 

- 

CO 

CO 

O' 

00 

rH 

4 

4 

3 

1— 

4 

*C 

r0 

CM 

CO 

CO 

CO 

4 

CM 

3 

CM 

co 

4- 

4- 

* 

iC 

in 

M- 

in 

r» 

CO 

4 

X 

4 

X 

LL 

* 

< 

4 

< 

* 

< 

4 

< 

4 

4 

H 

Ul 

4 

•4-  Ul 

4 

O' 

3 

* 

Q 

4 

★ 

in 

CL 

4 

CL 

* 

'J- 

3 

4 

4 

4 

1 

Is- 

CO 

in 

CM 

O' 

4 

1 

r«- 

P- 

4- 

4- 

O' 

O' 

4 

1 

in 

o 

oo 

O' 

CO 

CC 

4 

4 

4—. 

4 

r- 

*1 

• 

• 

6 

t 

• 

4 

o 

e» 

• 

• 

• 

• 

• 

• 

* 

in 

* 

• 

• 

• 

• 

t 

UJ 

4 

4 

> 

3 

4 

z 

O' 

CO 

r- 

O' 

O' 

• 

H— ^ 

z 

CM 

o 

CO 

O 

00 

O' 

4 

3 

z 

M3 

CM 

r- 

M3 

O' 

> 

4 

4 

CL 

UJ 

oo 

* 

l 

p- 1 

o 

o 

o 

o 

o 

4 

1 

HH 

H 

pH 

pH 

co 

CO 

CO 

* 

1 

frH 

H 

O 

H 

CO 

co 

PH 

4 

4 

a 

_J 

X 

4 

CM 

3 

3 

r- 

0- 

0- 

4 

CM 

00 

00 

CO 

00 

00 

00 

* 

CM 

r- 

r» 

r- 

c*- 

r- 

cc 

4 

4 

1— * 

UJ 

4 

o 

4 

>t  O 

4 

vj- 

O 

4 

4 

4 

o 

4 

o 

4 

O' 

cx 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Ul 

• 

4 

4 

4 

4 

4 

4 

4 

4 

UJ 

e 

4 

4 

4 

4 

4 

4 

4 

4 

3 

• 

4 

4 

4 

4 

4 

4 

< 

4 

4 

4 

O 

CO 

4 

a 

00 

4 

a 

o 

4 

4 

< 

4-4 

* 

3 

CO 

in 

O 

o 

00 

4 

3 

0- 

pH 

CM 

00 

O' 

* 

fo- 

CO 

O' 

CM 

o 

GQ 

4 

0 C 

4 

UJ 

a 

* 

3 

rH 

3 

o 

rH 

pH 

4 

H 

pH 

pH 

CM 

CO 

CO 

CO 

* 

1- 

CO 

CM 

CO 

00 

O' 

< 

4 

UJ 

4 

O' 

< 

4 

•— 1 

II 

CM 

fH 

CM 

CM 

CM 

4 

HH 

II 

4 

t— 

II 

3 

4 

Z 

1- 

4 

< 

w 

4 

l— 

4 

I- 

4 

i- 

o> 

4 

ex 

< 

4 

4 

< 

LL 

4 

< 

LL 

4 

< 

3 

4 

PH 

X 

4 

4 

—I 

UL 

3 

o 

in 

CM 

in 

4 

3 

LL 

CO 

CM 

00 

CO 

CO 

CO 

4 

3 

3 

O' 

in 

0- 

CO 

O' 

4 

00 

4 

> 

4 

Q 

• 

• 

• 

♦ 

• 

4 

<3 

e 

• 

t 

t 

• 

t 

4 

O 

• 

• 

t 

t 

t 

UJ 

4 

UJ 

X 

4 

UJ 

3 

4 

Z 

M) 

o 

4“ 

4? 

4 

Z 

O' 

O' 

M3 

ao 

M3 

4 

z 

CM 

CO 

CO 

a 

4 

o 

Oi 

4 

-J 

00 

4 

3 

o 

o 

O 

O 

O 

4 

3 

o 

o 

pH 

CM 

CO 

CO 

♦ 

X 

rH 

O' 

pH 

CO 

CO 

a 

4 

4 

UJ 

X 

* 

QC 

3 

3 

r- 

0- 

r- 

4 

CC 

CO 

CO 

ao 

00 

oo 

00 

4 

QC 

r- 

M3 

p- 

c- 

r- 

3 

4 

X 

4 

W 

4 

4 

4 

4 

4 

4 

4 

4 

a 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4 

4 

* 

4 

UJ 

* 

4 

4 

cc 

4 

a 

O' 

4 

a 

QC 

X 

4 

4 

3 

* 

o 

c 

o 

o 

O 

O 

4 

3 

o 

o 

O 

o 

O 

o 

o 

4 

3 

o 

O 

O 

O 

o 

O 

00 

4 

4 

3 

3 

4 

3 

4- 

3 

CM  O 

h4 

4 

LU 

H- 

pH 

CO 

CM 

pH 

NO 

LO 

4 

3 

h- 

CO 

O 

H 

M3 

00 

O' 

4 

4 

oo 

O' 

4 

00 

in 

pH 

43 

00 

40 

4 

HH 

cn 

00 

O' 

H 

M> 

in 

in 

4 

in 

O' 

00 

rH 

M3 

f- 

UJ 

4 

* 

O 

UJ 

x 

4 

4- 

pH 

4 

LL 

4 

3 

sr 

CM 

I- 

4 

4 

O 

CL 

< 

4 

z 

4 

z 

4 

* 

z 

< 

* 

>• 

4 

4 

o 

4 

C 

3 

4 

O 

o 

3 

4 

< 

4 

4 

M 

4 

O 

HH 

4 

O 

CD 

4 

3: 

4 

4 

00 

H 

4* 

CM  O' 

CO 

4 

or 

in 

pH 

O' 

in 

0- 

pH 

pH 

4 

cc 

in 

M3 

o 

in 

r- 

3 

4 

-1 

4 

z 

4 

Ul 

• 

• 

• 

• 

» 

4 

S3 

LU 

• 

• 

t 

• 

• 

f 

4 

CD 

up 

t 

t 

• 

• 

• 

00 

4 

3 

4 

1- 

M 

4 

a 

4- 

O 

•— 1 

CM 

4- 

4 

a 

nT 

CO 

r*- 

4- 

CM 

co 

4 

a 

in 

pH 

CO 

CO 

M- 

4 

PH 

4 

UJ  00 

4 

4 

X 

H 

CM 

CM 

4 

X 

pH 

pH 

4 

CL 

4 

<X  UJ 

4 

LU 

> 

4 

h- 

> 

4 

H- 

> 

* 

00 

4 

< 

oc 

4 

CC 

x 

CM 

4- 

4- 

CO 

o 

* 

QC 

in 

4- 

O' 

4- 

in 

CM 

4 

CC 

3 

'T 

O' 

c- 

CO 

4 

4 

QC 

a 

l— 

4 

< 

a. 

00 

M> 

CM 

4- 

CO 

* 

a 

Q. 

in 

4- 

0- 

in 

CM 

vO 

4 

a 

3 

<\J 

CM 

in 

in 

O' 

4 

>- 

4 

o 

LL 

4 

X 

oo 

0- 

pH 

in 

CM 

CD 

4 

z 

in 

rH 

pH 

CM 

in 

co 

CO 

* 

z 

cn 

r- 

pH 

p- 

ao 

4 

x 

4 

3 

* 

1 

H 

•— * 

—1 

4 

1 

4 

i 

pH 

pH 

4 

z 

4 

oO 

< 

X 

4 

O 

z 

4 

o 

z 

4 

o 

z 

4 

UJ 

4 

< 

4 

< 

PH 

4 

< 

HH 

4 

< 

1— < 

4 

<x 

4 

4 

3 

O' 

3 

i- 

i- 

1— 

H 

4 

3 

3 

3 

3 

3 

3 

3 

4 

X 

QC 

3 

K 

y- 

3 

i— 

* 

cc 

* 

4 

3 

0- 

4 

3 

Q. 

4 

o 

a. 

4 

UJ 

4 

4 

CM 

o 

in  cm 

in 

4 

in 

ao 

4- 

O' 

o 

O 

4 

in 

in 

r- 

00 

in 

4 

X 

4 

3 

UJ 

4 

00 

QC 

t 

• 

• 

• 

• 

4 

LQ 

QC 

• 

• 

• 

• 

• 

• 

4 

<n 

QC 

• 

• 

• 

• 

• 

4 

UJ 

4 

OO 

> 

Cl 

-J 

4 CX 

> 

CM 

3 

CO 

O' 

CM 

4 

3 

> 

r- 

MO 

4- 

in 

4- 

in 

4 

o 

>- 

o 

co 

pH 

o 

CM 

4 

4 

UJ 

UJ 

>- 

00 

4 

00 

1 

O 

CO 

O'  O' 

O 

4 

in 

1 

o 

O 

pH 

CM 

CO 

co 

4 

<n  | 

pH 

CO 

o 

CO 

CO 

4 

* 

ac 

_j 

1- 

X 

4 

3 

o 

3 

M> 

o 

43 

4 

3 

o 

03 

CO 

00 

co 

00 

CO 

4 

X 

o 

r- 

M3 

r*- 

h- 

4 

4 

x 

UJ 

W 

4 

o 

4 

O 

* 

o 

4 

4 

+ 

4 

— J 

4 

H 

4 

pH 

4 

4 

4 

4 

* 

4 

4 

4 

4 

4 

4 

4 

4 

* 

* 

* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

O' 

4 

4 

X 

4 

X 

CO 

pH 

in 

CM 

in 

4 

U 

O 

CO 

O' 

4" 

in 

in 

4 

LJ 

M3 

M3 

CO 

in 

UJ 

4 

4 

3 

X 

4 

< 

CO 

0 

t 

• 

• 

• 

♦ 

< 

S3 

• 

• 

• 

• 

• 

• 

4 

< 

CO 

• 

• 

• 

t 

• 

> 

* 

4 

Q- 

3 

< 

1— 

4 

O' 

CO 

O' 

in 

00 

4 

w 

CM 

H 

00 

O 

00 

O' 

4 

O 

M" 

CM 

pH 

co 

M 

4 

4 

UJ 

< 

O 

LL 

4 

CM 

pH 

H 

CM 

CM 

4 

00 

pH 

pH 

CO 

CO 

CO 

4 

CM 

rH 

CM 

<- 

M3 

p- 

cc 

4 

* 

Q 

W 

4 

in 

>- 

4 

«4- 

> 

4 

>}- 

>- 

4 

4 

4 

H- 

4 

1— 

* 

l/’ 

1— 

UJ 

* 

4 

4 

in 

i— « 

4 

HH 

4 

P— 

3 

4 

4 

4 

_j 

3 

3 

3 

4 

3 

3 

3 

3 

3 

3 

4 

3 

3 

3 

O 

CO 

0- 

4 

4 

I— 

UL 

4-4 

4 

< 

CO 

in 

CO 

4 

< 

CO 

H 

CM 

O 

M3 

4 

< 

P* 

CO 

O' 

M3 

a 

4 

* 

00 

O' 

x 

4 

ii 

3 

CM 

rn 

3 

O' 

4 

II 

3 

3 

O' 

CM 

cn 

4 

H 

X 

CD 

'T 

CM 

CO 

x 

4 

4 

O 

3 

< 

4 

O 

o 

O' 

43 

in 

4 

3 

O' 

3 

CM 

CO 

CO 

4 

QC 

CO 

r» 

M3 

oo 

ph 

* 

4 

x 

O0 

4 

—4 

CM 

4 

HH 

H 

rH 

^H 

pH 

4 

in 

co 

CM 

pH 

X 

4 

4 

* 

X 

O' 

4 

X 

C£ 

4 

X 

QC 

u 

4 

4 

4 

UJ 

4 

3 

4 

3 

1 

4 

4 

< 

— 

4 

C7 

1— 

O' 

4- 

H 

4- 

O' 

4 

3 H 

>r 

in 

ao 

r» 

in 

M3 

4 

a 

1- 

•T 

CM 

M3 

M- 

o 

< 

4 

4 

Ul 

X 

4 

oo 

< 

pH 

CO 

O' 

43 

CO 

4 

in 

< 

H 

pH 

CM 

co 

CO 

4 

in 

< 

pH 

CM 

-r 

CO 

UJ 

♦ 

4 

cc 

< 

4 

X 

<-* 

— H 

4 

4 

J£ 

O' 

* 

_l 

4 

c 

W 

4 

in 

4 

o 

4 

pH 

< 

4 

a 

4 

4 

o 

X 

4 

X 

4 

* 

X 

4 

a 

4 

4 

• 

< 

4 

t 

< 

4 

• 

< 

>- 

4 

a. 

4 

* 

UJ 

o 

o 

3 

o 

4 

o 

3 

a 

o 

O 

o 

O 

4 

CM 

3 

o 

O 

o 

o 

a 

4 

4 

1- 

u 

4 

QC 

o 

in 

4- 

CO 

4 

CC 

in 

O' 

pH 

CO 

CM 

4 

QC 

o 

M3 

O' 

3 

4 

_j 

4 

00 

a 

4 

1— 

CO 

CO 

cc 

43 

4 

1- 

CO 

00 

r- 

M3 

M3 

4 

1— 

M> 

CM 

O 

r» 

3 

* 

< 

* 

a 

UJ 

x 

4 

n 

00 

o 

cH 

4 

ii 

in 

pH 

4 

II 

cn 

in 

CM 

pH 

00 

* 

* 

x 

CL 

< 

4 

< 

4 

< 

4 

< 

4 

X 

4 

4 

o 

4 

a 

4 

X 

4 

HI 

4 

4 

♦ 

4 

4 

LL 

4 

4 

3 

CM 

H 

pH 

4 

o 

r- 

pH 

co 

M3 

cn 

4 

o 

CD 

'T 

in 

M3 

4 

UJ 

4 

z 

4 

• 

t 

• 

• 

• 

4 

• 

• 

• 

• 

• 

• 

4 

• 

• 

• 

t 

• 

4 

Z 

4 

Ul 

M 

4 

P— 

O 

O 

CM 

4- 

4 

o 

CM 

M3 

CM 

O' 

O 

4 

o 

O 

CO 

00 

>3- 

4 

UJ 

4 

O 

4 

CO 

4 

rH 

pH 

pH 

CM 

4 

pH 

4 

OQ 

4 

< 

4 

w 

4 

w 

4 

w 

* 

4 

cc 

4 

* 

4 

4 

4 

a 

i— 

4 

o 

o 

O 

o 

O' 

43 

4 

o 

o 

c 

M3 

CO 

f— < 

P- 

4 

a 

o 

O 

CO 

M- 

CO 

* 

4 

i- 

LL 

4 

a 

z 

o 

43 

H 

43 

4 

CM 

z 

o 

CM 

0- 

m 

M3 

4 

cn 

z 

pH 

CO 

O' 

o- 

4 

4 

00 

4 

CM 

HH 

rH 

4" 

pH 

0- 

4 

CM 

HH 

hH 

CM 

4- 

r- 

r- 

4 

c\i 

— 

pH 

>r 

O 

CO 

* 

4 

X 

4 

<N 

H- 

i-H 

pH 

4 

CM 

1— 

4 

c\ 

i— 

pH 

pH 

4 

4 

< 

4 

CO 

< 

4 

CO 

< 

4 

O' 

< 

4 

4 

4 

1 

QC 

4 

1 

CC 

4 

1 

QC 

4 

4 

4 

a. 

4 

a. 

4 

CL 

4 

4 

— 

4 

x 

UJ 

4- 

o 

in 

CM 

in 

4 

3 

3 

o 

co 

O' 

4- 

in 

in 

4 

3 

3 

in 

in 

c*- 

CO 

in 

4 

4 

> 

-J 

4 

i 

1- 

• 

• 

• 

t 

• 

* 

1 

h- 

• 

• 

• 

• 

• 

t 

4 

1 

1- 

• 

• 

t 

• 

• 

4 

4 

Ul 

oo 

4 

LU 

HH 

CO 

c- 

CO 

O' 

CM 

* 

LU 

HH 

in 

4- 

H 

CO 

pH 

CM 

4 

3 

O' 

co 

»H 

o 

CM 

4 

4 

-J 

X 

4 

3 

00 

co 

0D 

O' 

O' 

O 

4 

3 

in 

O' 

o 

rH 

CM 

cn 

m 

4 

K- 

cn 

M3 

CO 

o 

CM 

cn 

4 

4 

UJ 

<-4 

4 

PH 

o 

43 

4) 

43 

H 

4 

M 

H 

CO 

00 

CC 

CO 

X' 

4 

M3 

nC 

p- 

C- 

4 

4 

4 

00 

4 

cn 

4 

in 

3 

CD 

O 

3 

• 

3 

Z 

in 

O 3 

3 

z 

m 

O 

a 

z 

II 

a. 

z 

QC 

3 

X 

QC 

► 0. 

< 

m 

>- 

z 

Q 

< o 

Z 

• 

m 

< 

3 

3 

PH 

O 

3 

QC 

P 

o 

PH 

< 

>- 

a. 

CL 

Cl 

3 

in  x 

Z 

3 

O 

o 

< 

o tx 

M 

X 

in 

O 

p 

QC 

3 

N4 

o 

Z 

3 

ii 

u 

3 

3 

p 

X 

Z 

> 

CL 

3 

P 

3 

O 

CQ 

a 

PH 

3 

3 

QC 

3 

O 

p 

< 

> 

Z 

< 

X 

3 

M 

> 

PH 

a 

C 

< 

QC 

X 

a 

CL 

z 

3 

X 

3 

<_3 

3 

3 

3 

Z 

II 

QC 

X 

PH 

3 

< 

3 

3 

•4 

P 

z 

CD 

3 

CL 

X 

o 

O 

o 

Z 

t 

< 

QC 

X 

o 

< 

a: 

a 

m 

PH 

h- 

o 

3 

< 

i— 

3 

m 

< 

O 

cn 

y- 

3 

PH 

3 

QC 

QC 

H- 

3 

QC 

X 

< 

in 

< 

IX 

X 

> 

o 

1- 

z 

PH 

o 

(X 

(X  3 

X 

1- 

o 

o 

Q 

11 

• 

X 

Z 

z 

o 

z 

in 

< 

o 

o 

p 

PH 

O 

< 

a 

3 

3 

3 

3 

1— 

< 

CC 

cn 

X 

X 

h- 

3 

< 

X 

QC 

o 

y- 

S3 

IX 

a 

a 

W 

3 

3 

cc 

3 

3 

Z 

a 

CC 

1— 

PH 

pH 

< 

3 

• 

z 

QC 

> 

o 

o 

cn 

CX 

QC 

M 

i- 

Z 

< 

3 • 

cn 

m 

□ 

Z 

in  3 

3 

a 

CX 

»—4 

3 3 

O 

L3 

II 

X 

QC  QC 

IX 

*H 

< (X 

• 

O 

3 

3 3 

to 

z 

1 

3 

Z X 

• 

< 

3 

QC 

u 

c 

Q. 

3 3 

• 

3 

o 

X < 

in 

CX 

(X 

Z 

3 X 

< 

o 

3 

pH 

O' 

3 

O 

c- 

a 

CL 

a 

3 O 

O' 

K 

>- 

3 

3 

rH 

m 

1- 

in 

Z 

< 

X 3 

z 

>- 

> 

CD 

O 3 

o 

< 

< 

X < 

3 

X 

3 

in  oc 

Q 

3 

3 

QC 

X 

3 

3 

3 

< 

3 X 

OO 

PH 

PH 

QC  X 

<. 

Q. 

CL 

< 

< < 

03 

in 

in 

3 

C 

in  o 

3 

>- 

>- 

o 

Z 3 

CC 

o 

X 

O QC 

<t 

z 

z 

QC 

— ■ 3 

3 

3 

< 

3 a 

in 

cx 

<X 

3 

< — 

i— 

cc 

QC 

X 

> m 

in 

3 

3 

3 

3 Z 

a 

X 

X 

< 

-J  a 

o 

3 

3 

3 

3 X 

pH 

CM 

VS- 

n 

1 

m 

3 

1- 

O 

z 

* 

* 


Z 

o 


00 

I— 

X 

O 

x 

< 

Q 


oc 

o 


z 

o 


x 

UJ 


UJ 

00 

uu 


00 


< 

Z 


oc 

o 

u. 

UJ 

00 

3 


a 


o 

a 

* 

* 


i 


[ 

[ 

[ 

[ 

: 


[ 

L 

[ 

[ 


STUDY  AREA-CH ICCPEE  RIVER  SUBWATERSHED  UPPER  QUABOAG  RIVER 


167- 


* 

(NJ 

* 

n- 

* 

xj- 

* 

1 

b- 

j 

* 

xt 

00 

* 

I/O 

* 

ON 

IS) 

* 

! x 

a 

in 

X 

UJ 

— * 

* 

1 

X 

* 

xj- 

(NI 

xO 

m 

in 

* 

l 

X 

* 

0 

O 

(NI 

O 

* 

1 

X 

* 

(NJ 

n 

0 

XT 

* 

; 3D 

UJ 

_i 

O' 

UJ 

O 

* 

xT 

l_! 

* 

(NI 

OO 

xT 

m 

in 

* 

0- 

0 

* 

(NJ 

-NJ  ON 

<r 

* 

O' 

0 

* 

sT 

xT 

rW 

in 

* 

! 

U- 

UJ 

0J 

* 

O 

* 

* 

0 

* 

• 

1 

• 

• 

* 

O 

* 

• 

• 

• 

• 

* 

1 O 

< 

p- « 

h— 

X 

< 

X 

* 

1 

O 

* 

O 

O 

3 

0 

0 

* 

1 

* 

O 

O 

O 

0 

* 

1 

in 

* 

O 

x4- 

CO 

0 

* 

X 

•'  l- 

I/O 

>■ 

< 

UJ 

X 

— p 

* 

(NJ 

O 

* 

* 

(NJ 

O' 

* 

* 

(NJ 

xf 

* 

* 

z 

l/> 

Cl 

0 

1 

* 

1"- 

(NI 

* 

O- 

H 

* 

0 

* 

a 

LLi 

* 

* 

* 

* 

* 

*! 

* 

* 

* * 

* 

* 

* 

* 

* 

* 

* * 

* 

* 

* 

* * 

* 

-<  * 

* 

* 

* 

* 

* * 

* 

z 

i/>  a 

* 

* 

UJ 

* 

X 

* 

X 

* 

<3  z 

* 

0 

* 

3 

X) 

(NI 

OO 

00 

* 

O 

0- 

in 

<r 

n 

l\J 

* 

3 

n 

in 

in 

O 

fx- 

11 

X 

* 

_l 

0 

> 

* 

3 

II 

xO 

•“I 

O' 

r- 

CO 

* 

3 

11 

(NJ 

(NJ 

m 

xT 

>o 

* 

3 

II 

xO 

(NI 

0 

0 

xj- 

* 

z 

X X 

* 

_l 

-J 

0 

0 

* 

H- 

rH 

(NJ 

(NI 

* 

b~ 

* 

1— 

(NI 

ON 

r- 

O' 

* 

3 X 

* 

M 

0 

pH 

* 

•— » 

3: 

* 

»— 1 

JC 

* 

3: 

1 

* 

x’  < 

* 

X 

> 

w 

* 

3 

3 

* 

O 

0 

* 

<3 

O 

* 

IS) 

* 

* 

z 

3 

* 

z 

3 

i 

* 

Z 

3 

! 

* 

> 

Z:  Q 

* 

* 

0 

X 

* 

0 

X 

1 

* 

a 

X 

1 

* 

< 

O Z 

* 

0- 

* 

_j 

xO 

r- 

xl- 

xj- 

H 

* 

3 

(NI 

(NJ 

m 

0 

* 

3 

0 

30 

ro 

n 

>4- 

* 

t 

2 

in,  < 

* 

C-? 

U- 

* 

OZ 

n 

00 

xj- 

m 

xO 

xO 

* 

* 

(NJ 

(NJ 

(NI 

m 

* 

iZ 

n 

r-W 

n 

O' 

C0! 

* 

3 

3 

»— 4 

* 

X 

X 

* 

< 

* 

< 

1 

* 

< 

* 

O 

3 

X * 

< 

* 

* 

m 

X 

* 

x}- 

UJ 

* 

xO 

X 

* 

O 

1— « 

< >- 

0 

* 

* 

xT 

X 

1 

* 

(NJ 

X 

* 

0 

X 

* 

X 

X 

X 3 

* 

* 

1 

mi 

O' 

0 

in 

in 

00 

* 

1 

in 

O' 

in. 

O 

m 

* 

| 

0 

0- 

0 

xj- 

xt 

* 

l/) 

z z 

* 

* 

in 

•• 

•: 

• 

• 

• 

• 

• 

* 

in 

• 

t 

• 

t 

• 

* 

xO 

•* 

• 

• 

• 

• 

• 

* 

3 

0 0 

* 

> 

-J 

* 

xT 

(NJ 

CO 

O' 

* 

H 

z 

(NJ 

rH 

xO 

0 

* 

z 

>4- 

r-W 

r- 

0 

00 

* 

< 

O 

0 

* 

CL 

UJ 

00 

* 

1 

b-4 

(V 

(NJ 

O0 

xj- 

xT 

xj- 

* 

1 

xT 

xj- 

xj" 

xj" 

* 

1 

•— 

in 

(NJ 

n 

r- 

00 

* 

•— * 

2 

IS) 

* 

O 

_l 

X 

* 

(NJ 

x> 

00 

CO 

CO 

00 

2) 

* 

(NJ 

fx- 

h- 

JX-I 

* 

(NJ 

xO 

xO 

xO 

x0 

xO 

* 

O 

►— 

X b- 

* 

1— 

UJ 

— 

* 

xj- 

0 

* 

xj- 

0 

* 

xl" 

0 

* 

X- 1 

O Z 

* 

* 

* 

* 

* 

* 

* 

* 

X 

• 

* 

4 

* 

* 

* 

* 

* 

4 

X 

• 

* 

* 

* 

* 

* 

* 

* 

* 

X 

• 

* 

* 

* 

* 

* 

* 

* 

* 

X 

X 

X 

* 

* 

0 

r>- 

* 

3 

O' 

* 

a 

X 

* 

23 

X 

X 

* 

< 

* 

3 

ON 

'T 

(NI 

CO 

0 

0 

* 

3 

p4 

(Nl 

4- 

4" 

X 

* 

3 

ON 

<3 

ON 

(NJ 

ON 

* 

X 

•» 

3 

O 

X 

* 

X 

0 

* 

1— 

p-4 

pH 

(NJ 

(NJ 

ON 

ro 

* 

X 

ON 

ON 

4- 

UN 

<3 

* 

X 

ON 

v0 

nO 

(NJ 

4- 

* 

CD 

a 

►— » 

3 

* 

3 

* 

X 

< 

* 

*— 1 

ll 

* 

>— 1 

II 

* 

*— < 

II 

(NJ 

(NI 

4- 

m, 

* 

X 

X 

X 

* 

z 

u- 

* 

< 

41 

b- 

* 

* 

X 

* 

o| 

X 

< 

> 

3 

< 

* 

* 

< 

X 

< 

X 

* 

< 

X 

(NJ 

* 

Zj 

< 

s: 

X 

• 

•— 1 

2 

* 

* 

3 

X 

ON 

>4- 

in 

■O 

UN 

ON 

* 

3 

X 

4" 

O' 

4- 

n 

O 

* 

3 

X 

ON 

UN 

O 

O' 

* 

> 

3 

Z 

m 

♦ 

> 

— * 

* 

0 

• 

t 

• 

• 

• 

• 

* 

3 

• 

• 

• 

• 

• 

* 

0 

• 

• 

• 

• 

tj 

* 

3 

< 

X 

CJ 

X 

X 

* 

X 

3 

* 

z 

(NJ;  ON 

0 

O' 

O 

N- 

* 

z 

O' 

O' 

.NJ 

4- 

X 

* 

z" 

O' 

00 

ro 

ro 

JN 

* 

3 

0 

a 

z 

xx 

0 

(3 

* 

3 

IS) 

* 

3 

(NI 

(NJ 

ON 

m 

4- 

4- 

* 

3 

ro 

ON 

4" 

4- 

4- 

* 

3 

4- 

pH 

n 

X 

CO, 

* 

X 

X 

X 

>— < 

* 

X 

X 

* 

X 

CO 

X) 

CO 

00 

CO 

CO 

* 

X 

X 

X 

X 

X 

X 

* 

X 

O 

<3 

<3 

45 

<3, 

* 

o1 

X 

3 

X 

1— * 

X 

* 

* 

* 

* 

1 

* 

z 

II 

<* 

3 

in 

* 

* 

* 

* 

* 

•— < 

X 

< 

H- 

M 

* 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

* 

4 

* 

* 

* 

X 

* 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

* 

* 

* , 

* 

* 

X 

3 

* 

* 

a 

X 

* 

a 

X 

* 

X 

1 

* 

•N 

z 

3 

1 <3 

* 

H 

* 

3 

0 

O 

O 

O 

0 

0 

C 

* 

3 

0 

0 

O 

O 

O 

O 

* 

0 

O 

O 

0 

O 

O' 

* 

X 

a 

2 

i O 

* 

1— 

X 

* 

X 

X 

O 

s0 

0“ 

nO 

0 

O' 

* 

X 

X 

p-4 

nC 

ro 

X 

3 

* 

X 

in 

O 

>0 

O 

O' 

* 

O 

0 

0 

z 

< 

* 

1/0 

X 

* 

»— < 

l/) 

(NI 

(NJ 

0- 

•4- 

ON 

(NI 

* 

n 

n 

n 

ro 

p4 

O 

* 

in1 

ON 

pH 

v0 

(NI 

(NJ 

* 

• 

< 

X 

X 

0 

* 

0 

dJ 

0 

W 

* 

X 

(NI 

(NJ 

pH 

pH 

pH 

pH 

* 

X 

pH 

pH 

pH 

pH 

pH 

* 

! 

pH 

1 

* 

< 

X 

3 

in 

1— 1 

3 

* 

0 

X 

< 

* 

X 

z 

* 

3 

z 

* 

z 

j 

* 

X 

0 

h- 

Z 

> 

* 

* 

0 

0 

* 

3 

0 

* 

0 

* 

< 

X 

X 

in 

< 

< 

< 

* 

1 

* 

0 

* 

O 

* 

* 

3 

<n 

X 

X 

P-4 

3 

2 

* 

i 

* 

X 

I/O 

p-4 

in 

-0 

CO 

O' 

UN 

* 

X 

m 

pH 

<5 

s0 

ac 

co 

* 

in 

UN 

UN 

in 

O' 

(NI1 

« 

X 

X 

3 

* 

z 

* 

cc 

X 

• 

• 

• 

• 

• 

• 

* CD 

X 

• 

• 

• 

• 

• 

* 

X' 

* 

X 

3 

X 

3 

< 

X 

3 

* 

H- 

1 

* 

a 

>4- 

>4- 

h> 

ro 

00 

O' 

* 

a 

4- 

4- 

O 

co 

(NI 

* 

3 

vO 

O 

4- 

00 

ifll 

* 

IS) 

< 

0 

> 

O 

LL  li  IL  UJ 


UJ  IS) 
3 UJ 
< X 
X o 
o 

X X 

O0  < 


1 o 
< 


oo  > 
UJ  UJ 
X -J 
3 UJ 

* * 

X 

X 

Q.  X 

UJ  < 

a 


UJ  — 

Q.  3 

£j£ 

:I7 


< 

a u. 


00  X U 

o x>  < 

o oo 


< 

UJ 

X 

<1 


00  x 

o;uj  u 

O ' CL  < 


iO 

t< 

io 


X 

X > 

a:  2 
3 CL 
z oo 

c z 

< — 


3]  jo  45  in  r*- 
in  o n -jo  oo  c 

x x f\j  vj-  o r-- 


* > 

* x 

* a 

* ' z 

*'  i 

* ! '~zL 

* < 


X 

X 

X 

X 

X 

X 

X 

* 

3 

X 

a 

* 

CJ 

X 

00 

0 

pH 

pH 

pH 

0 

* 

X 

* 

in 

X 

>- 

O' 

pH 

00 

X 

4- 

UN 

* 

0 

> 

1 

pH 

(NJ 

(NI 

ro 

4- 

4- 

* 

in 

1 

0 

CO 

CO 

00 

co 

00 

00 

* 

3 

0 

0 

* 

0 

pH 

* 

pH 

* * 

* 

* 

* 

9 

* 

* 

* 

UN 

UN 

X 

X 

45 

in 

* 

3 

p 

• 

• 

• 

• 

• 

• 

* 

< 

3 

in 

O 

X 

45 

ro 

4" 

* 

w 

ON 

ON 

4- 

in 

in 

* 

O' 

>- 

* 

(NJ 

> 

X 

* 

4- 

►— 

* 

X-4 

3 

<3 

3 

3 

3 

3 

3 

< 

ON 

ro 

O 

45 

in 

* 

< 

3 

3 

ro 

JJ 

co 

ON 

* 

II 

3 

a 

v0 

O' 

00 

O 

pH 

« 

C? 

ON 

(NJ 

(NI 

ON 

ON 

* 

P-4 

X 

* 

X 

X 

X 

* 

X 

u- 

(NJ 

O 

X 

UN 

O' 

O' 

* 

O 

X 

< 

pH 

pH 

(NI 

(NI 

(NJ 

* 

UO 

< 

2 

* 

2 

* 

X 

X 

* 

43 

2- 

< 

* 

t 

< 

■3 

0 

0 

O 

O 

O 

* 

O 

X 

X 

4- 

X 

3 

X 

in 

* 

a 

X 

CO 

pH 

X 

4" 

4- 

* 

X 

in 

(NI 

(NI 

pH 

pH 

pH 

* 

II 

in 

* 

< 

* 

a 

* 

O 

n 

pH 

in 

X 

(NI 

* 

t 

• 

• 

• 

• 

• 

* 

O 

ro 

43 

pH 

45 

X 

* 

p-* 

pH 

pH 

pH 

pH 

* 

ON 

N— » 

* 

«-* 

* 

(3 

O 

pH 

<3 

45 

X 

00 

* 

(3 

Z 

ON 

(NI 

pH 

0 

(NI 

* 

ao 

Z 

P-5 

pH 

(NI 

4- 

4? 

43 

41 

(NJ 

P-4 

X 

* 

(NJ 

X 

< 

* 

ON 

< 

X 

* 

1 

X 

* 

a 

3 

n 

n 

<3 

45 

4) 

UN 

* 

0 

X 

X 

t 

• 

f 

• 

• 

t 

* 

l 

X 

H4 

ON 

co 

n 

4- 

pH 

(NI 

* 

X 

•—4 

in 

O' 

pH 

(NJ 

ON 

4- 

4- 

* 

IS) 

X 

00 

X 

CO 

co 

CO 

* 

>— 1 

* 

in 

co  on  45 
^ ^ m 

•— i #— i (\j 


o r-  o 
oo  on  4" 
0-  h-  r- 


* * * * 

— x o in 


— oo  uo  r~ 


o o 
O'  x 
x 3 

<N  f\J 


OO  O X 
(NJ  (NJ 


O O 
4-  r>- 
in  O' 
(\)  x 


(NJ  4- 


O O' 
o in 


o in 

• • 

in  o- 
oo  oo 

r-  o- 


oo  -j- 


o o 

• • 

(NJ  U0 

4-  >r 

O'  o- 


0'  (NJ 
X (NJ 


3 3 

(ni  r— 

x oo, 

X O 


f— J >}■ 

oo  >r 


o o 

O'  — l 

4)  xT 


45  O' 


X 45 
—I  (NJ 
(NJ  OO 


O'  (NJ 

00  xj- 
0-  0- 


X 

Cl 

I 

>! 

i ! 

o 

Si 


(Nil 

I 

X (NJ  O OO  O'; 
x o 4-  in  P'-! 
o m s o 
x^-  (nj  •— j in' 


x (Ni  Oi  in  oo 


45  xO  o — « o 

xj"  —l  xT  fx-  X 

•X  ^5  \0  xO  \0 


i*  *.*  * 

->i  cc'r-  o 


* * 

o oo 


p X 


>0> 

* II 

* 

* x 

* 2. 

* 

* C i 

* IS) 

* xT 

*.m 

* • 

* ,H 

* tO 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
m 

* 

* 

* 


00 


* 

* 

* 

* 

* z 

* < 
* 

* < 

* X 

* ; X 

* 1 UJ 

♦i1- 

*!~ 

* X 

*.  o 

* 

* 2 
* ° 

* 1 1—1 
* ! oo 


u o 
>-  <-> 
ii 

z a 

a 

o UJ 

UJ  x 

IS)  3 

< X 
X 3 

UJ  UJ 

X X 


U.'3 

•IS 

2:100 

0 

— o 

X X 

x'O 
a, a 

OL  LL 


o 

UJ 


• 

• 

• 

• 

* 

X 

0 

3 

1—5 

X 

X 

O' 

45 

X 

45 

* 

O 

3 

II 

2. 

X 

ac 

m 

UN 

X 

* 

3 

►H 

c 

3 

* 

• 

0 

3 

X 

UJ 

* 

UO 

z 

1 

X 

z 

3 

* 

• 

< 

X 

X 

3 

3 

3 

3 

* 

3 

3 

X 

UJ 

X 

3 

4) 

3 

0 

♦ 

• 

X 

3 

X 

<: 

43 

4" 

pH 

45 

* 

IS) 

3 

3 

z 

X 

X 

3 

pH 

r*- 

43 

* 

< 

a 

►— 

•“< 

* 

pH 

X 

X 

0 

* 

X 

0 

X 

C5 

H- 

0 

* 

O' 

X 

> 

X 

X 

O 

3 in 

3 

* 

pH 

IS) 

X 

in 

z 

4- 

in1  (Nl 

X 

* 

< 

2 

X 

pH 

ro 

4- 

* 

z 

> 

> 

3 

3 

X 

* 

O 

< 

< 

X 

<1 

* 

2 

2 

X 

m 

X 

* 

0 

3 

3 

X 

3 

O 

O 

0 

O 

* 

X 

3 

3 

< 

X 

3 

O 

O' 

3 

pH 

* 

in 

M 

PH 

X 

3 

UN 

4) 

ON 

(Nl 

* 

c 

X 

X 

< 

< 

< 

3 

* 

CD 

in 

m 

H- 

♦ 

< 

m 

a 

* 

X 

> 

> 

a 

z 

X 

* 

X 

3 

3 

0 

X 

(Nl 

3 

43 

O 

* 

< 

z 

Z 

X 

PH 

X 

• 

• 

• 

• 

* 

X 

X 

< 

X 

a 

O 

4- 

(NJ 

in 

* 

IS)  3 

3 

3 

< 

fc-o 

rH 

(NJ 

♦ 

X 

X 

X 

3 

> 

IS) 

* 

in 

X 

X 

■CO 

X 

z 

* 

0 

2. 

z 

< 

3 

a 

O 

3 

ON 

X 

* 

13 

X 

X 

X 

3 

O 

4- 

4- 

3 

♦ 

pH 

45 

X 

ON 

* 

(NJ 

X 

in 

* 

pH 

(NJ 

ON 

4- 

in 

pH 

* 

♦ 

* 

1 

X 

O 

0 

ON 

* 

• 

• 

• 

• 

* 

in 

ON 

O 

pH 

(3 

* 

X 

pH 

4- 

45 

3 

* 

X 

45 

43 

45 

43 

* 

0 

* 

z 

< 

• z 

UJ  I— I 


xO 


X 

UJ 


o 

> 

a 

UJ 

X 

UJ! 

0d> 


< 

UJ 

CL 


a 

z> 


a 

Cl 


cl 

O 


< 

CJ 

> 

O' 

<1 

2. 

2. 

G 

00 


-168 

♦ 

♦ 

m 

* 

CM 

* 

CM 

O' 

* 

P- 

bT, 

* 

c 

in 

UJ 

1 

u 

* 

o 

CM 

O' 

CO 

o 

* 

S 

a. 

* 

O' 

CM 

in 

m 

♦ 

UJ 

— 

O' 

o 

a 

ro 

c 

* 

CM 

<r 

n 

go 

* 

O' 

a 

* 

CM 

go 

0 

m 

«S 

u_ 

u. 

z 

o 

O 

* 

• 

« 

• 

i 

< 

* 

o 

* 

• 

• 

• 

« 

* 

< 

3- 

< 

X 

1 

cs 

* 

o 

O 

o 

o 

o 

* 

1 

X 

* 

0 

c 

p-i 

H 

* 

00 

> 

< 

X 

— » 

<N 

O' 

* 

* 

CM  >31 

* 

♦ 

o 

* 

r*- 

(H 

* 

go 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

UJ 

* 

UJ 

* 

* 

c 

Q 

O' 

O'  h- 

>3- 

CS. 

■— i 

* 

a 

re 

h- 

CM 

go 

O 

* 

* 

-i 

c 

> 

• 

3 

II 

Cb 

CO 

m 

O' 

cn 

in 

* 

3 

ii 

« 

pH 

CM 

CM 

CO 

♦ 

« 

-J 

-J 

c 

o 

J* 

i- 

— 

r-4 

• 

►— 

* 

* 

-U  O 

tai 

3: 

* 

3 

* 

* 

u. 

> 

o o 

* 

O Q 

4> 

* 

Z -J 

* 

Z 

- 

* 

* 

C LL 

* 

a 

u. 

* 

* 

L— 

f- 

r- 

<N 

00 

in 

* 

_j 

in 

co 

i—l 

m 

in 

* 

* 

o 

0- 

id 

— L 

f— i 

IN 

CM 

cn 

m 

* 

CM 

CM 

m 

cn 

m 

• 

* 

X 

U- 

< 

* 

< 

* 

< 

* 

CM 

UJ 

* 

o 

UJ 

♦ 

a 

* 

CO 

CL 

* 

m 

a. 

♦ 

* 

1 

CO 

in 

in 

oo 

ao 

* 

1 

O 

ao 

0 

0 

0 

a: 

* 

* 

'd' 

» 

• 

• 

• 

• 

• 

* 

in  •< 

c 

• 

• 

• 

« 

UJ 

* 

D> 

> 

—J 

H 

LT\ 

in 

o 

>0 

o 

CM 

* 

iH 

z 

O 

CM 

go 

X 

0 

> 

* 

* 

0b 

UJ 

bn 

i 

LO 

in 

& 

r- 

r- 

* 

1 

co 

m 

cn 

cn  >3 

* 

* 

a 

3 

X 

jA, 

<N 

s0 

>© 

s0 

go 

go  go 

* 

CM 

g>  go 

go 

0 

X 

CL 

* 

* 

b~ 

UJ 

w 

gr 

o 

* 

'3' 

o 

♦ 

* 

CO 

* 

O' 

O 

♦ 

* 

* 

* 

* 

♦ 

* 

IS 

LU 

* 

* 

* 

♦ 

* 

* 

* 

* 

* 

LU 

• 

$ 

* 

* 

« 

* 

* 

< 

* 

* 

Q 

I'- 

* 

o 

I'- 

o 

« 

* 

< 

— 

3 

CM 

r- 

O' 

go 

O' 

* 

3 

0 

O' 

O' 

b- 

CM 

CO 

ad 

Hi 

UJ 

o 

b- 

m 

ro  >3- 

in 

go  go 

* 

H- 

n- 

e- 

O' 

CO 

< 

UJ 

* 

CSC 

< 

i— • 

ll 

* 

HH 

ll 

e»H 

-1 

G 

* 

z 

b- 

* 

< 

1— 

* 

h- 

a 

* 

cd 

< 

* 

< 

LL 

* 

< 

LL 

* 

k— 1 

2 

* 

•=J 

LL 

>3- 

o 

oo 

co 

P0 

f0 

* 

_J 

LL1 

cn 

m 

in 

CM 

in 

a: 

* 

00 

* 

> 

— > 

O 

• 

* 

• 

• 

t 

t 

* 

O 

» 

• 

• 

• 

• 

UJ 

* 

UJ 

X 

* 

UJ 

- i 

z 

CM 

m 

r- 

m 

00 

o 

* 

Z 

go 

O' 

CM 

n 

r- 

a. 

* 

Q 

CD 

* 

3 

bn 

3 

tr\ 

in 

m 

o 

go 

r- 

* 

3 

cm;  cm 

m 

m 

co 

Cl 

* 

UJ 

X 

QC 

s0 

s0 

kO 

o 

go  go 

fli1 

go 

go 

go 

X 

X 

G 

1 

* 

A 

X 

* 

T 

. 

* 

1 

Q 

V 

4> 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

X 

* 

* 

♦ 

* 

* 

* 

UJ 

♦ 

* 

CL 

* 

ac 

X 

* 

* 

>=” 

a 

O 

o 

o 

o 

o 

o 

o 

* 

O 

0 

0 

0 

0 

0 

00 

* 

* 

b- 

u. 

-j 

1— 

CM 

o o 

CM 

o 

go 

* 

s— 

CM'  O' 

n 

m 

X 

CL 

* 

♦ 

00 

ae 

04 

LU 

00 

vO 

NO 

CO 

h= 

go 

♦ 

I/O; 

m cm 

CM 

CM 

CO 

UJ 

* 

* 

o uj 

o 

M 

»— 1 

* 

3- 

* 

* 

<_>  CL 

< 

U- 

z 

* 

Z 

< 

* 

> 

* 

* 

o 

* 

O' 

2 

* 

< 

* 

o 

M 

* 

CO 

* 

2 

* 

o 

00 

00 

CM 

O' 

r- 

r- 

* 

bn 

in 

go 

r- 

in 

3 

♦ 

_J 

* 

Z 

CL 

UJ 

• 

• 

c 

• 

• 

• 

* 

UJ 

• 

• 

• 

• 

• 

00 

* 

_J 

i— 

00 

o 

•j- 

-S' 

O' 

h- 

in. 

O' 

* 

3: 

>r 

n 

r- 

O' 

O' 

* 

— H 

UJ  00 

»— i 

CM 

CM 

* 

♦ 

a. 

* 

O UJ 

1— 

> 

* 

UJ 

>■ 

♦ 

oo 

* 

< ac 

00 

2 

■o 

00 

in 

o 

in 

go 

* 

CL 

2; 

n- 

X 

m 

r- 

0 

* 

* 

oc 

o 

L— 

< 

CL 

>3- 

'O 

CM 

CO 

o 

>3- 

* 

< 

Cl- 

C0 

>3 

O' 

m 

pH 

>- 

• 

CD 

LL 

LU 

00 

u 

CO 

go 

O' 

o 

* 

2 

io 

go 

X 

— g 

pH 

* 

u 

* 

1— 

H- 

1 

* 

1 

i—< 

pH 

z 

* 

OO 

< 

U 

o 

z 

* 

a 

z 

UJ 

* 

< 

< 

l—t 

* 

< 

— 

* 

o 

* 

3 

ac 

LU 

LU 

LU 

UJ 

UJ 

LU 

♦ 

3 

a: 

LU  UJ 

UJ 

UJ 

•- 

* 

CL 

* 

O' 

Cl 

* 

a 

a 

* 

UJ 

« 

o 

r- 

'3" 

r- 

<3- 

in 

* 

>3 

O' 

0 

X 

in 

* 

2. 

* 

1— 

LU 

* 

00 

CL 

• 

t 

• 

• 

• 

• 

* 

bn 

CL 

• 

t 

• 

• 

• 

* 

UJ 

* 

00 

> 

Cl 

3 

o 

> 

o 

o 

in 

— H 

go  co 

* 

o 

> 

>3 

go 

0 

CM 

CM 

♦ 

* 

UJ 

LU 

> 

00 

^1 

00 

1 

in 

in 

in 

go 

go 

go 

* 

bn 

1 

CM 

CM 

m 

m 

CO 

* 

* 

CL 

3 

H* 

X 

3 

O 

v0 

v0 

v0 

go 

go 

go 

* 

3 

O 

go 

go 

go 

X 

X 

* 

* 

(_)  LU 

>»» 

o 

* 

O 

£ 

+ 

— 1 

* 

>— 1 

* 

* 

* 

* 

£ 

* 

* 

* 

* 

J 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

O' 

W 

* 

X 

* o 

'3’ 

CM 

CO 

CM 

O' 

o 

* 

O 



m 

m 

go 

CM 

in 

UJ 

* 

1— 

X 

«-* 

< 

CD 

• 

e 

• 

• 

• 

• 

* 

< 

cc 

• 

• 

• 

• 

• 

> 

* 

* 

a. 

L— 

< 

►- 

CM 

O 

■3- 

H 

in 

co 

* 

— 

in 

p-i 

0 

m 

f- 

>— 1 

* 

UJ 

< 

a 

LL 

Jfc 

CM 

H 

CM 

CM 

CM 

* 

oo 

— 1 

1— 1 

CM 

CM 

CL 

* 

* 

o 

w 

CM 

> 

* 

o 

>- 

* 

* 

L* 

* 

>r 

h— 

UJ 

* 

* 

i— ( 

* 

rH 

1— 1 

UJ 

* 

* 

■v 

* 

—1 

CD 

<D 

O 

CD 

CD 

* 

=J 

CD 

CD 

0 

O 

CL 

* 

* 

b- 

LL 

«— 

* 

< 

>3 

in 

go 

O'  CM 

* 

< 

in 

m 

X 

a 

* 

* 

00 

CL 

o 

£ 

« 

3 

■c 

r- 

CM 

r- 

pH 

* 

ii 

3 

m 

m 

>3 

O 

o 

* 

* 

O 3 

< 

— • 

O 

CM 

o 

o 

o 

*-H 

* 

3 

go 

'3 

m >3 

*■— « 

* 

* 

o 

00 

►— 

H 

H 

* 

— i 

X 

* 

X 

CL 

* 

X 

ac 

u 

* 

LU 

* 

UJ 

1 

* 

< 

— » 

o 

L- 

>3- 

CM 

m 

o 

O'  CM 

* 

Q 

l— 

m 

O' 

H 

n 

X 

< 

* 

* 

UJ 

u 

00 

< 

CM 

CO 

n 

n 

go 

* 

00 

< 

CM 

in 

r- 

O' 

UJ 

* 

* 

CL 

< 

2 

* 

2 

ad 

* 

_J 

* 

< 

'O 

* 

O 

< 

* 

o 

* 

o 

X 

* 

CM 

X 

* 

o 

* 

• 

< 

* 

• 

< 

> 

* 

Q. 

* 

i— 

o 

UJ 

O 

o 

o 

o 

o 

* 

CM 

LU 

0 

O 

0 

0 

ID 

* 

• 

b- 

LL 

CL 

O' 

>o 

n 

in 

O' 

* 

ae 

go 

i—i 

in 

r- 

3 

* 

* 

bn  cl 

1- 

v0 

in 

o 

co 

r- 

* 

i- 

X 

r- 

m 

CO 

3- 

* 

< 

* 

O 

UJ 

O 

w 

II 

00 

CM 

—* 

•H 

* 

It 

00 

rH 

X 

* 

i— < 

« 

o 

a. 

< 

< 

* 

< 

* 

o 

* 

a 

* 

o 

* 

p- l 

* 

* 

* 

Li- 

« 

O 

CO 

in 

00 

CM 

o 

* 

O 

X 

in 

H 

CO 

♦ 

ID 

* 

z 

• 

• 

• 

• 

• 

• 

♦ 

• 

• 

• 

• 

• 

* 

Z 

* 

UJ 

►— * 

— 

O 

CM 

>0 

m 

H 

in 

* 

— 

O 

0 

CM 

X 

O' 

* 

LU 

* 

o 

i-U 

CM 

CM 

* 

cn 

* 

CO 

* 

< 

w 

* 

— 

* 

* 

QC 

* 

* 

* 

O 

1- 

o 

o 

O 

o 

O 

O 

o 

* 

0 

O 

0 

O 

I— l 

co 

• 

* 

H- 

LL 

o’ 

z 

O 

m 

O' 

in 

00 

* 

l—l 

z 

0 

pH 

en 

O' 

* 

* 

00 

m 

H 

CM 

>3' 

r- 

00 

* 

m 

k— < 

m 

r- 

0 

* 

* 

a 

(M 

s- 

* 

CM 

H- 

p^ 

* 

* 

< 

cn 

< 

* 

m 

< 

* 

* 

l 

QC 

* 

1 

CL 

* 

* 

CL 

* 

Cl 

* 

* 

u 

LU 

'3’ 

CM 

O' 

<M 

0' 

o 

* 

ID 

UJ 

rn 

>3- 

in 

m 

in 

* 

• 

> 

1 

b~ 

• 

• 

• 

• 

• 

• 

* 

1 

►— 

• 

• 

• 

• 

* 

* 

• 

UJ 

00 

LU 

O 

CO 

CM 

O' 

m 

go 

* 

UJ 

— 

0 

go 

H 

X 

CM 

* 

* 

-J 

X 

b~ 

bn 

>3- 

n3 

in 

in 

g> 

go 

* 

b- 

I/O 

pU 

pU 

CM 

CM 

CO 

* 

* 

UJ 

«•» 

i-« 

O 

>£) 

o 

go 

go 

go 

* 

— < 

go 

go 

go 

X 

X 

* 

* 

00 

* 

L0 

s3 

CM 

I 

>3 

0 

1 

UJ 

a 

3 


u. 

id 

< 

UJ 

a. 


0 
« 

•3- 
r-4  Z 

1 

cm 

>3-  O 
CO 
LU 
Q 
G 
3- 
—•  II 
3- 

< u. 
•D  u> 
o 
z 
g 

Od 


1 

3°i 

UJ  Xj 
l"H  i 

u.  z 

l«d  CD 

o — 

0 00 

0 C UJ 
CO  o 

I-  >- 

00  2 
< a 

UJ  00 

1 

o z 

c I— 
G ad 
or  a. 

oo  oz 
o > 

oo  I 
ID  O 

o 


o — 

< CO 

00 

o > 

-3 


< 

1 II  G 
O 

X CL 

UJ 

O' 

00  < 
ZSL 

o 

CM  21 
< 
f\l  UJ 
0d 
3- 
II  OO 

<x 
o 


* 

* 

O'  g- 

3-  O' 

* 

CM  xl 

X CD 

* 

• » 

t • 

* 

0 0 

O -1 

* 

UJ  el 

* 

Z x 

O UJ 

IS 

* * 

* * 

* * 

Z X 

a 

S3 

H Xl 

>3  X 

II  Cl 

CO 

>3  ■g- 

X X 

Z Q£ 

rs 

• CL 

* 

X 

■1, 

>-  z 

< 0 

co 

X 

O'  0 

4l 

• 

2 X 

CO 

CO  CO 

CO  >3 

-J 

_J  — 

O 

-J  CL 

c 

•—  < 

CL 

a.  cl 

CM 

X X 

3-  CM 

x 2: 

• 

• • 

• • 

-J 

O 

CM 

-3-  X 

3—  O' 

< 

O CD 

X 

X X 

X X 

— 

2 

X 

X X 

X X 

CD  h-  CL 

s— 

O 

LL 

H LL 

* 

* * 

* * 

* * 

LU 

3- 

>- 

CO 

pH 

X CM 

U 

•*  _J 

X 

r-  r- 

X O' 

X 

O — 

UJ  CL 

CD 

1-  < 

z 

< X 

CM 

co  r- 

X -3" 

> 1— 

« 

• • 

t • 

Q < CL 

0 

CM  CO 

x r- 

3:  O CL 

X 

X X 

X X 

X 

X 

X X 

X X 

CD 

UJ  LU 

Z 

II  CL 

UJ  < 

* 

* * 

* * 

* * 

- 

► z 

0 

O O 

0 0 

UJ 

a 2 

X 

3-  X 

3-  3- 

0 

0 0 

X 

X X 

X 3- 

• < 

CL  X 

< CL 

O X 

b - O 

< b- 

UJ  X 

a 001 1—  lu 

H 

i— • O 

-l  X 

LU  Qd 

• 

• • 

• • 

3 J flCD 

s3 

X X 

3-  X 

bn  < 

CD  O 

a h- 

z — 

CD  O'O  LL 

r- 

X 1-1 

O O 

h- 

0 

X 

0 0 

X O' 

0 

nr  • 

>3 

x r- 

X 3- 

z z 

0 z 

< 0 

0 

* n* 

< a 

UJ  3- 

LU 

UJ  LU 

LU  1- 

M UJ 

3-  < 

cl  bn 

3 X 

r- 

X CM 

CO  X 

UJ  < 

X Cd 

• 

• • 

• • 

1—  X 

CD  O 

r- 

O'  -l 

CO  CM 

N< 

LL 

>3  X 

X X 

CL  LU 

LU  Z 

X 

X X 

X X 

O CL 

1— 

< 

UJ 

Z 

O'  >- 

* 

* * 

* * 

* * 

cd  bn 

O ac 

1—  3- 

z < 

H 

CM  3- 

3-  X 

00  X 

a z 

• 

« • 

• t 

LU  O 

ID  •— 

O' 

X CO 

O'  CO 

Q O 

II  X 

1-1  CM 

CM  CO 

CD  — 1 

• a 

_J 

X z 

1 LU 

• < 

LU  CL 

CD  CD 

CD  CD 

CD 

cj  a. 

X O 

3-  S3 

• LU 

0 

CM  CD 

CM  >3 

X CD 

LD  Z 

P*-  ^ 

X X 

< 

0 

pH  pH 

— ' CL 

X 

3-  O 

a 0 

O'  1- 

>•  UJ 

-3 

0 X 

X CM 

pH  X 

b-  bn 

CM  CO 

X 3- 

< 

z > 

> X 

0 < 

< 

2 

2 UJ 

O _J 

-J  CL 

O O 

O O 

UJ  _J 

-J  < 

X -H 

O O' 

X — 

»— * 

>3  X 

O'  3- 

< CL 

CL  < 

OO  H 

X X 

X 1— 

< 

UJ  >- 

> G 

CL  <D 

O 

O 

x 0 

X X 

< Z 

Z CL 

• 

• • 

• • 

UJ 

LU  < 

O 

O CM 

S3  X 

X CD 

CD  _J 

3*  Cd 

ec  z> 

X LU 

UJ  X 

O 21 

X < 

O 

O >3 

CM  CM 

O UJ 

LU  1- 

O >3 

co  3- 

i-l  CM 

X 3- 

pH  CM 

ro  >3 

O 

CO  3- 

X X 

1 

• 

• t 

• • 

X 

X 

3-  CM 

X CM 

UJ 

CM 

ro 

sf  X 

3- 

X 

X X 

X X 

O 

Z 

00  LU 
UJ  UJ 

ad  o' 
< O 
UJ  UJ 
Z CD 


G 

CO 

o 

< 

o 

z 

< 


O' 

o 


o 


00  Q 

Z UJ 
O CL 
<->  UJ 
b~  Q 
< •— 
> 00 
UJ  z 
_i  a 

UJ  o 


STUDY  AREA-CHICOPEE  RIVER  SUBWATERSHED-UPPER  QUABOAG  RIVER 


! I 

-169- 


* 

* 

(— 

w 

* 

05 

00 

4 

LT 

rH 

LO 

* 

r 

LO 

* 

* 

2 

4 

Q 

in 

2 UJ 

* 

i 

X 

4 

vO 

o 

O 

CO 

4 

1 

X 

4 

>3- 

p- 

X 

O 

4 

i 

X 

CP 

rH 

O' 

o 

4 

CD 

4i 

2 

_J 

cp 

UJ  x 

x 

* 

C\J 

o 

4 

iM 

CO 

in 

in 

4 

CJ 

u 

4 

CO 

in 

X 

M3 

4 

X 

o 

X 

X 

CP 

4 

* 

u_ 

UJ 

U 2 

x 

* 

O 

4 

• 

# 

• 

• 

4 

o 

4 

• 

• 

• 

• 

4 

o 

O' 

• 

t 

• 

• 

4 

O 

* 

< 

*— ( 

P- 

2 < 

2 

* 

1 

>r 

4 

o 

O 

a 

o 

4 

1 

CO 

4 

o 

r-H 

PM 

CO 

4 

1 

o 

o 

o 

o 

4 

UJ 

• 

1— 

* 

LO 

> 

C 

UJ  X 

w 

* 

<N 

4 

4 

CM 

4 

4 

(\ 

>3- 

4 

z 

L3 

* 

a o 

* 

r- 

>4- 

4 

X 

o 

4 

p- 

rH 

4 

a 

LU 

h- 

* 

* 

* 

4 

* * 

* 

* 

* 

4 

4 

4 

4 

4 

4 

4 

* 

rH 

4 

4 

4 

4 

4 

4 

4 

4 

PM 

4 

4 

4 

4 

4 

4 

4 

4 

2 

LO 

X 

* 

4 

* 

UJ 

4 

X 

4 

X 

4 

O 

2 

* 

* 

o 

— r 

* 

a 

O' 

CO 

O' 

CM 

CM 

4 

X 

O 

o 

in 

CO 

X 

4 

a 

O' 

o 

f-H 

rH 

4 

II 

CL 

* 

* 

_j 

o 

>- 

* 

X 

II 

CM 

CM 

CM 

CO 

CO 

4!  X 

ii 

o 

O' 

CD 

O' 

X 

4 

2 

•1 

rH 

CM 

PM 

PM 

4 

2 

CC 

2 

* 

* 

_j  _i 

o 

x 

* 

b- 

4 

X 

CM 

CM 

>3- 

in 

4 

i— 

4 

C3 

2 

4 

* 

M O 

f-H 

* 

*■* 

~X 

4 

»-H 

jC 

4 

rr 

2 

4 

•» 

2 

< 

* 

* 

U-  > 

w 

+ 

O 

o 

4 

O 

O 

4 

o 

O 

4 

L0 

* 

* 

* 

2 

X 

4 

2 

X 

4 

2 

X 

4 

> 

2 

<X 

* 

* 

* 

a 

X 

* 

O 

X 

4 

C 

X 

4 

< 

O 

2 

* 

* 

►— 

* 

X 

co 

fH 

CO 

>4- 

>4- 

4 

X 

CO 

in 

in 

P- 

rH 

4 

_ 

r 

P- 

P- 

P- 

4 

• 

■X 

in 

< 

* 

* 

x 

t- 

* 

*: 

CM 

<M 

CM 

CM 

CM 

4 

co 

in 

X 

p- 

* 

:2 

rH 

f-H 

rH 

f-H 

4 

_J 

_l 

- 

* 

* 

X 

LL 

* 

< 

4 

< 

* 

< 

4 

O — J 

2 

•ft 

* 

< 

* 

* 

o 

X 

4 

CO 

X 

4 

X 

X 

4 

O 

rr 

< 

>- 

* 

o 

* 

* 

CN 

X 

4 

CM 

X 

4 

in 

Cl 

4 

a 

CL 

CL 

X 

* 

* 

* 

1 

O' 

in 

O' 

O' 

O' 

4 

1 

CM 

CO 

o 

in 

O' 

4 

l 

in 

o 

o 

o 

4 

L0 

2 

X 

* 

4 

* 

m 

* 

• 

• 

• 

• 

• 

4 

CO 

a* 

• 

• 

• 

• 

• 

4 

CO 

•k 

• 

• 

• 

• 

4 

_ i 

O 

X 

* 

4 

> 

-J 

* 

2 

CO 

M3 

CO 

O' 

O' 

4 

r< 

2 

r- 

'J- 

<3- 

in 

O' 

4 

H 

2 

O' 

o 

o 

o 

4 

< 

a 

o 

* 

4 

2 UJ 

00 

* 

i 

CO 

CO 

CO 

CO 

CO 

4 

1 

t— l 

X 

v0 

X 

O' 

O' 

4 

1 

rn 

r-H 

PM 

PM 

PM 

4 

*— » 

LO 

* 

* 

O 2 

2 

* 

rvi 

•o 

o 

vO 

v0 

M3 

4 

CM 

vO 

M3 

M3 

M3 

M3 

4 

CM 

X 

X 

X 

X 

4 

O h- 

cc 

p- 

* 

* 

P-  UJ 

* 

o 

4 

M- 

o 

4 

*3- 

o 

4 

M 

o 

2 

* 

* 

* 

r- 

4 

X 

4 

O' 

4 

LL 

ii 

2 

2 

« 

* 

* 

* 

* * 

* 

* 

* 

UJ 

• 

4 

4 

4 

4 

4 

4 

4 

4 

X 

• 

4 

4 

4 

4 

4 

4 

4 

4 

X 

• 

4 

4 

4 

4 

4 

4 

4 

4 

UJ 

i— 

* 

* 

4 

* 

o 

h- 

4 

X 

r- 

4 

a 

p- 

4 

2 

>- 

2 

* 

4 

< 

— * 

* 

X 

O 

>o 

o 

CM 

CO 

* 

X 

f-H 

CO 

M3 

in 

CO 

4 

Z3 

rH 

CD 

X 

in 

4 

UJ 

•» 

_l 

O 

* 

2 

4 

UJ 

X 

* 

h- 

■4" 

CO 

M- 

M- 

M- 

4 

r 

rH 

in 

•J- 

X 

O 

4 

H- 

>3- 

<3- 

in 

in 

4 

CD 

a 

*— * 

2 

4 

* 

UJ 

4 

a: 

< 

* 

>— < 

II 

4 

II 

rH 

rH 

rH 

PM 

4 

f-H 

II 

rH 

rH 

rH 

i-H 

4 

UJ 

2 

2 

4 

* 

2 

b- 

4 

< 

* 

h- 

♦ 

X 

4 

L- 

4 

O 

h* 

< 

> 

* 

x 

< 

4 

* 

X 

* 

< 

X 

♦ 

< 

X 

4 

2 

< 

2 

2 

• 

* 

»-4 

3 

4 

* 

X 

X 

CO 

in 

X 

O 

>4- 

4 

X 

X 

CM 

CM 

PM 

o 

MT 

4 

X 

X 

in 

o 

X 

in 

4 

M 

> 

M 

a 

2 

* 

lO 

4 

> 

* 

o 

• 

• 

• 

• 

• 

4 

o 

• 

• 

• 

• 

t 

# 

o 

t 

• 

• 

• 

4 

O 

< 

2 

O 

* 

UJ 

X 

4 

UJ 

-J 

* 

2 

LO 

CO 

in 

X 

4 

2 

CO 

o 

o 

rH 

p- 

4 

2 

X 

p- 

p- 

p- 

4 

3 O 

2 

z 

* 

O 

x 

4 

-J 

oo 

* 

X 

CO 

ro 

CO 

CO 

CO 

4 

X 

p- 

M3 

CD 

O' 

O' 

4 

O' 

rH 

rH 

rH 

f-H 

4 

-J 

X 

2 

K 

* 

•-H 

* 

UJ 

2 

* 

DC 

sO 

NO 

>0 

s0 

v0 

* 

X 

M3 

M3 

M3 

M3 

M) 

4 

ac 

X 

X 

X 

X 

4 

a 

UJ 

UJ 

2 

rn 

* 

X 

* 

W 

* 

4 

4 

4 

2 

II 

2 

3: 

L0 

* 

* 

* 

4 

4 

4 . 

NT 

UJ 

< 

P* 

* 

* 

* 

* 

* * 

4 

* 

* 

2 

4 

4 

4 

4 

4 

4 

4 

4 

2 

4 

4 

4 

4 

4 

4 

4 

4 

2 

4 

4 

4 

4 

4 

4 

4 

4 

2 

X 

* 

* 

* 

ac 

4 

X 

4 

X 

4 

•» 

» 

Z 

03 

X 

* 

4 

y- 

★ 

o 

O 

O 

O 

O 

o 

o 

4 

X 

o 

O 

O 

O 

O 

O 

4 

o 

O 

O 

o 

O 

4 

UJ 

CL 

3 

X 

* 

* 

1— 

LL 

—ft 

♦ 

X 

h- 

O' 

o 

o 

CO 

>4- 

4 I X 

r 

rH 

in 

M3 

X 

X 

4 

►— 

X 

X 

p- 

o 

4 

O O 

o 

Z 

< 

* 

* 

oo  2 

* 

X 

00 

in 

vO 

O' 

CO 

rH 

4 

X 

LO 

in 

M" 

>3- 

CO 

CO 

4 

L0 

X 

>3- 

O' 

p- 

4 

• 

< 

oc 

X 

o 

* 

* 

O UJ 

x 

* 

CM 

f-H 

f-H 

rH 

4 

— 1 

>3- 

4 

X 

CM 

rH 

rH 

4 

< 

ac 

Q 

LO 

rH 

o 

* 

* 

X CL 

< 

* 

2 

4 

X 

2 

4 

2 

4 

P- 

O 

p- 

2 

* 

> 

* 

* 

*: 

O 

* 

O 

4 

o 

4 

< 

l- 

UJ 

L0 

< 

< 

* 

< 

* 

* 

o 

>— < 

* 

a 

4 

M 

4 

a 

L0 

1— 

LU 

f-H 

2 

* 

3 

* 

* 

o 

o0 

fH 

CM 

O' 

o 

CO 

4 

o 

L0 

n 

M3 

rH 

p~ 

p- 

4 

L0 

>3- 

X 

00 

CO 

4 

UJ 

2 

2 

* 

2 

4 

2 

* 

CL 

X 

• 

t 

• 

• 

• 

* 

2 

X 

• 

• 

• 

• 

• 

4 

X 

• 

• 

• 

• 

* 

p- 

_J 

ac 

X 

< 

2 

* 

2 

* 

h- 

1-4 

* 

CO 

c 

r-H 

— ■H 

ro 

CO 

4 

33 

X 

M3 

O 

o 

p- 

o 

4 

2 

Q 

o 

O 

o 

o 

4 

l0 

< 

O 

o 

> 

X 

* 

fc— f 

* 

UJ  oo 

* 

4 

r-4 

rH 

PM 

4 

X 

4 

o 

P- 

2 

f— « 

* 

CL 

* 

X UJ 

* 

h- 

>- 

4 

1- 

> 

4 

X 

>- 

4 

a 

a 

O 

2 

z 

* 

LO 

* 

< DC 

* 

OO 

JC 

LT\ 

CO 

f-H 

vO 

★ 

L0 

DC 

00 

CO 

in 

CO 

PM 

4 

X 

Zi 

PM 

CO 

in 

f-H 

4 

p- 

L3 

X 

X 

* 

* 

cc  x 

h- 

* 

< 

X 

4D 

f-H 

v0 

|X 

CO 

* 

< 

X 

CM 

CO 

M- 

CM 

X 

4 

< 

a 

X 

X 

rH 

X 

4 

Q 

II 

• 

X 

l-H 

* 

> 

* 

o 

LL 

* 

X 

oo 

CO 

CM 

CO 

4 

X 

L0 

M- 

rH 

CM 

O' 

in 

# 

JC 

L0I 

r-H 

CM 

X 

X 

4 2 

2 

a 

z 

LO 

►- 

* 

x 

♦ 

H—  h- 

* 

1 

4 

1 

»—4 

PM 

CO 

>3- 

4 

1 

4 

< 

O 

o 

X 

* 

2 

4 

00  < 

o 

* 

o 

2 

4 

X 

2 

4 

a 

2 

4 

* 

M 

o 

2 

* 

UJ 

4 

< 

* 

< 

*-* 

4 

< 

M 

4 

< 

rf 

4 

< 

a 

UJ 

p* 

h* 

2 

* 

x 

4 

* 

X 

QC 

X 

X 

X 

1- 

X 

4 

X 

X 

X 

h- 

X 

X 

4 

13 

ac 

p- 

H* 

i— 

r 

4 

UJ 

y- 

< 

2 

* 

O' 

4 

* 

a 

X 

4 

o 

X 

4 

CJ 

CL 

* 

cc 

L0 

CD 

2 

P* 

LO 

* 

UJ 

4 

* 

CO 

in 

CO 

in 

in 

4 

p- 

CO 

p- 

in 

♦ 

in 

CD 

o 

in 

4 

UJ 

< 

X 

2 

o 

* 

2- 

* 

h-» 

UJ 

— * 

* 

00 

X 

• 

• 

• 

• 

• 

* 

L0 

X 

• 

• 

• 

• 

• 

4 

LO 

ac 

• 

• 

• 

• 

4 

CO 

o 

O 

X 

2 

* 

UJ 

* 

oo  > 

CL 

-J 

4c 

o 

> 

CO 

>4- 

s0 

o 

CM 

4 

o 

> 

o 

in 

p- 

X 

PM 

4 

CJ3 

> 

O' 

o 

PM 

PM 

4 

2 

2 

1- 

* 

* 

UJ  UJ 

>* 

00 

* 

oo 

1 

CO 

CM 

CM 

CO 

CO 

4 

L0 

I 

p- 

M- 

X 

O' 

* 

L0 

» 

o 

r-H 

rH 

r-t 

4 

ac 

UJ 

LU 

Z 

f-H 

* 

* 

DC  2 

I— 

2 

* 

X 

o 

o 

O 

vO 

n0 

>0 

4 

X 

o 

M3 

M3 

M3 

M3 

X 

4 

D3 

o 

X 

X 

X 

X 

4 

O 

ac 

1- 

1— 1 

rH 

L0 

* 

* 

X UJ 

* 

o 

4 

o 

4 

o 

4 

< 

UJ 

• 

* 

* 

+ 

♦ 

f-H 

* 

rH 

4 

rH 

4 

2 

ac 

> 

o 

2 

* 

* 

4 

4 

* * 

* 

* 

* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

* 

4 

4 

4 

C5  lo 

o 

2 

< 

* 

4 

* 

* 

4 

4 

rr 

p- 

2 

< 

1- 

• 

2 

* 

4 

X 

# 

O 

— * 

in 

*0 

CO 

in 

in 

4 

o 

— 

rH 

CM 

PM 

PM 

in 

4 

O 

r-k 

in 

00 

O 

in 

4 

L0 

L0 

o 

Z 

L0 

2 

rn 

4 

4 

1— 

2 

* 

< 

CD 

• 

• 

• 

• 

• 

4 

< 

t 

t 

• 

• 

t 

4 

< 

X 

• 

t 

• 

• 

* 

UJ 

o 

o 

M 

2 2 

2 

* 

4 

CL  1— 

< 

K 

* 

CM 

00 

o 

M- 

o 

♦ 

p- 

M3 

M3 

rH 

co 

4 

w 

X 

p- 

O' 

O' 

4 

o 

l_> 

II 

2 

2 

2 

* 

4 

LU  < 

a 

LL 

v0 

f-H 

»-H 

rH 

# 

o 

r-H 

CO 

in 

X 

4 

>3- 

4 

o 

M 

< 

X 

2 

* 

4 

a 



★ 

in 

>- 

4 

in 

>- 

* 

X 

> 

4 

• 

a 

-J 

2 

2 

X 

* 

* 

* 

o 

h- 

4 

\D 

H- 

* 

CP 

1— 

4 

L0 

2 

1 

2' 

2 

X 

2 

* 

4 

* 

f-H 

i— « 

4 

CM 

t— i 

4 

>3- 

rn 

4 

• 

< 

UJ 

2 

« 

* 

N 

* 

X 

o 

o 

o 

u 

4 

X 

o 

O 

X 

X 

4 

X 

o 

UJ 

o 

<_3 

4 

o 

CD 

2 

2 

1— 

2 

* 

* 

P-  LL 

* 

<. 

p- 

M- 

in 

O' 

4 

<r 

CM 

X 

p- 

C"- 

4 

< 

p- 

rH 

X 

in 

4 

• 

UJ 

O 

X 

< 

L0 

* 

* 

00  DC 

x 

4c 

ii 

X 

M" 

00 

in 

u 

4 

II 

X 

O 

p- 

o 

LO 

4 

II 

o 

CM 

X 

CO 

rH 

4 

L0 

CJ 

(_> 

2 

1— 

X 

X 

* 

* 

O X 

< 

* 

o 

m 

CM 

r-H 

rH 

4 

a 

in 

m 

o 

O' 

4 

c? 

rH 

O' 

p- 

p- 

4 

< 

a 

b- 

* 

* 

X 00 

* 

H4 

»-H 

f-H 

^■H 

rH 

4 

M 

(CO 

rH 

f-H 

4 

f-H 

rH 

4 

rH 

ac 

UJ 

o 

1— 

* 

4 

* 

2 

X 

2 

X 

4 

2 

DC 

4 

p- 

CD 

2 

CD 

p- 

O 

X 

* 

* 

* 

X 

4 

X 

4 

X 

4 

O' 

H- 

> 

2 

P- 

2 

* 

* 

< 

* 

O 

1- 

O' 

CM 

in 

rH 

in 

4 

O)  1- 

r- 

r- 

in 

p- 

rH 

4 

a 

1- 

co 

X 

O' 

X 

4 

rH 

L0 

P- 

LO 

2 

* 

♦ 

UJ 

o 

* 

00 

c 

CM 

CM 

CO 

co 

4 

L0 

< 

X 

p- 

X 

4 

L0 

< 

>3- 

X 

p- 

ao 

4 

< 

3 

2 

X 

4 

* 

ac 

< 

4c 

4 

j: 

rH 

i— 4 

4 

.£ 

4 

2 

> 

> 

CD 

X 

a 

* 

2 

* 

<x 

* 

in 

4 

in 

4 

rH 

4 

O 

<1 

< 

X 

< 

* 

o 

* 

* 

s0 

2 

4 

rH 

2 

4 

p- 

2 

4 

3C 

2 

L0 

2 

4 

* 

o 

* 

4 

• 

< 

4 

t 

< 

4 

• 

< 

4 

o 

_J 

—1 

2 

X 

* 

♦ 

CL 

4 

h- 

♦ 

f-H 

X 

o 

O 

o 

o 

4 

M- 

X 

O 

o 

o 

o 

4 

p- 

IU 

O 

o 

o 

o 

* 

'UJ 

-J 

_J 

< 

2 

o 

* 

* 

P- 

LL 

* 

X 

•4" 

CO 

o 

O' 

4 

X 

CO 

CM 

X 

X 

4 

<2 

00 

CM 

in 

in 

4 

L0 

*— 4 

W— 1 

2 

X 

* 

_l 

4 

00  2 

4 

f- 

O' 

f-H 

>4- 

rH 

4 

K 

O' 

rH 

in 

co 

4 

1- 

X 

X 

>3- 

o 

4 

< 

CL 

a 

< 

< 

< 

* 

< 

* 

a uj 

x 

W 

4 

ii 

00 

CM 

CM 

r-H 

rH 

# 

II 

L0 

in 

rH 

4 

it 

L0 

n 

X 

(M 

(M 

4 

CD 

L0 

LO 

h- 

4 

*— « 

4 

x a. 

< 

4* 

< 

4 

< 

4 

< 

4 

< 

L0  X 

# 

x 

4 

4 

a 

4 

X 

4 

Q 

4 

LU 

>- 

> 

a 

2 

2 

* 

* 

4 

4 

4 

4 

QC 

U3 

o 

X 

2 

* 

u_ 

* 

* 

o 

4-H 

1"- 

O' 

>o 

4 

o 

in 

f-H 

X 

X 

* 

PM 

PT 

X 

P- 

4 

< 

2 

2 

2 

f— « 

2 

* 

UJ 

4 

2 

4 

• 

t 

• 

• 

• 

4 

• 

• 

• 

• 

• 

4 

• 

• 

• 

• 

* 

UJ 

LU 

< 

P- 

a 

* 

2 

4 

UJ 

H-t 

4 

o 

f-H 

rH 

CM 

CO 

4 

o 

o 

>3- 

rH 

o 

4 

f-% 

o 

O 

o 

O 

4 

L0  O 

o 

2 

< 

f-H 

* 

UJ 

4 

x 

4 

r- H 

4 

CO 

rH 

PM 

4 

X 

4 

P- 

QC 

ac 

X 

> L0 

* 

CD 

* 

< 

4 

wf 

4 

wr 

4 

w 

4 

00 

UJ 

UJ 

CD 

2 

2 

* 

4 

DC 

4 

4 

* 

4 

o 

2 

2 

< 

2 

X 

4* 

* 

a 

(- 

4c 

o' 

o 

o 

CO 

X 

CO 

4 

O 

o 

o 

O' 

r- 

X 

4 

o 

o 

r~- 

X 

o 

4 

(_> 

LU 

LU 

1— 

2 

X 

# 

4 

h- 

LL 

4 

CO 

z 

o 

in 

in 

CM 

* 

M" 

2 

o 

rH 

in 

*3- 

4 

in 

2 

o 

p- 

in 

o 

4 

* 

* 

00 

4t 

CO 

f-H 

f-H 

CM 

CO 

4 

CO 

f— • 

rH 

O' 

in 

in 

4 

X 

f-H 

rH 

rH 

PM 

X 

4 

* 

* 

O 

4 

CM 

X 

4 

CM 

X 

CM 

•M- 

* 

PM 

P- 

4 

f-H 

CM 

X 

>3" 

in 

* 

< 

4 

CO 

< 

4 

CO 

< 

* 

X 

< 

4 

w 

w 

W 

W 

w- 

* 

4 

4 

1 

X 

4 

1 

or 

4 

1 

ac 

4 

# 

* 

4 

CL 

1 

4 

X 

4 

a. 

* 

1 

* 

4 

4 

X 

X ! 

in 

in 

CO 

in 

in 

4 

o 

X 

CM 

CO 

PM 

PM 

in 

* 

o 

X 

in 

00 

o 

in 

4 

* 

4 

> 

—1 

4 

1 

!-i 

• 

• 

• 

• 

• 

4 

1 

X 

• 

• 

• 

• 

• 

4 

l 

i- 

• 

• 

• 

t 

4 

L0 

* 

* 

UJ 

OO 

4 

X 

CD 

M- 

>£> 

o 

CM 

4 

X 

>— * 

M3 

in 

in 

o 

CM 

4 

X 

•r 

O' 

o 

PM 

CM 

4 

UJ 

* 

* 

2 

2 

4* 

1- 

00, 

f-H 

CM 

CM 

co 

CO 

4 

X 

L0 

CO 

mi- 

X 

X 

O' 

4 

l— 

L0 

o 

rH 

rH 

rH 

4 

h- 

« 

* 

2 

4 

* — • 

- 0 

v0 

M3 

o 

o 

4 

*— 

M3 

>0 

M) 

M3 

X 

4 

rH 

X 

X 

X 

o 

4 

C 

4 

* 

4c 

00 

* 

L0 

4 

to 

4 

2 

-170- 


i 


co\ 

uj' 


00| 

* 


00 

a 

x. 


< 

a, 

> 

OCi 

<! 

£ 

2.1 

x! 

00; 


* 

* 

J 

* 

* 

CM 

•4"  0 

* 

# 

ST 

0 00 

* 

o 

0 

23 

3 

* 

1 

3 

* 

m 

0 

O' 

■H 

* 

1 

3 

* 

UJ 

3 

O' 

u] 

O 

a 

* 

O' 

O 

* 

cn 

m 

m 

<r 

* 

u 

U 

* 

u. 

UJ 

□ 

z 

UJ 

* 

0 

* 

• 

0 

• 

e 

* 

0 

* 

< 

M 

3 

ai 

< 

£ 

* 

1 

* 

* 

0 

Oi 

0 

C3| 

* 

i 

CM 

* 

0 

> 

< 

Hi 

X 

w 

* 

-4  >r 

* 

1 

* 

CM 

O' 

* 

a, 

o 

* 

n- 

CM 

* 

P-  O 

* 

« 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

* 

3 

* 

* 

o 

*■» 

* 

0 

r- 

si* 

vO 

<4- 

CM 

* 

a 

* 

* 

-4 

a 

> 

* 

3 

II 

r~ 

O 

3 4- 

>£? 

* 

3 

II 

* 

* 

3 

3 

a 

O 

* 

y- 

3 

3 

3 

H 

* 

h- 

* 

* 

o 

3 

* 

M 

2 

* 

3 

3 

* 

* 

U. 

> 

_ 

* 

O 

O 

* 

0 a 

* 

* 

* 

z ^ 

* 

z 

3 

* 

* 

* 

a 3 

* 

0 3 

* 

* 

h- 

* 

3 

co 

CM 

-4- 

n- 

0 

* 

3 

* 

* 

o 

* 

<C 

0 

0 

0 

0 

* 

*! 

* 

£ 

* 

X 

3 

* 

< 

* 

< 

* 

< 

* 

* 

m 

3 

* 

0 3 

* 

a 

* 

* 

m 

CL 

* 

H 

CL 

* 

* 

* 

1 

0 

O 

O' 

0 

0 

* 

1 

0 

* 

* 

«■«. 

♦ 

CM 

w- 

0 

t 

• 

• 

• 

* 

CM 

UJ 

* 

* 

> 

3 

* 

0-4  Z 

r- 

CM 

m 

i*- 

O' 

* 

rH 

Z 

> 

* 

* 

Cl  3 

0 

* 

1 

MM 

G0 

O' 

O' 

0' 

O' 

* 

1 

3 

to- 1 

* 

* 

<3  3 

£ 

* 

CM 

1^ 

n- 

p* 

n- 

p- 

* 

CM 

0 

* 

• 

H 

3 

* 

■4- 

O 

* 

•4-  <3 

* 

* 

* 

* 

3 

a 

* 

* 

* 

* 

* 

* 

* 

* 

3 

• 

* 

* 

* 

# 

* 

* 

* 

3 

• 

< 

* 

* 

* 

O 

I'- 

* 

O 

3 

o 

* 

* 

'<% 

— 

* 

3 

3 

CM 

ro 

0 

p- 

* 

3 

0 

* 

0 

* 

3 

U 

* 

H- 

3 

3 

3 

r—4 

3 

* 

3 

< 

* 

3 

* 

C£ 

< 

* 

»— « 

ll 

* 

3 

II 

3 

* 

z 

3 

* 

< 

w. 

4> 

* 

3 

CJ 

* 

u> 

< 

* 

* 

< 

3 

* 

< 

3 

* 

3 

2 

$ 

* 

3 

3 

m 

0 

P- 

m 

'4- 

* 

3 

3 

a: 

* 

0 

* 

> 

— » 

* 

O 

• 

• 

• 

• 

• 

* 

a 

UJ 

* 

UJ 

X 

* 

3 

3 

* 

Z 

0 

O' 

3 

0 

P- 

* 

z 

0 

* 

O UJ 

* 

3 

0 

* 

3 

0 

0 

O' 

O' 

O' 

* 

3 

CL 

* 

3 

* 

3 

£ 

* 

ac 

r- 

r- 

p- 

p- 

p- 

* 

cc 

3 

* 

X 

* 

— - 

* 

* 

1 

* 

* 

* 

* 

Q 

* 

* 

* 

* 

* 

* 

* 

* 

* 

£ 

* 

* 

♦ 

* 

* 

♦ 

* 

* 

£ 

UJ 

* 

* 

* 

a 

* 

QC 

X 

* 

* 

H- 

♦ 

O 

0 

0 

0 

0 

0 

* 

O 

O 

0 

* 

* 

t- 

3 

— 

* 

H- 

O' 

m 

0 

p- 

m 

* 

3 

3 

a: 

* 

* 

0 

BC 

* 

0 

0 

3 

0 

0 ' 

O' 

* 

3 

0 

UJ 

* 

* 

O 3 

O 

w 

* 

e*=4 

CM 

CM 

3 

* 

3 

3 

* 

* 

O 

CL 

< 

* 

Z 

* 

3 

z 

< 

* 

>- 

* 

* 

O 

* 

5C  O 

2 

* 

< 

* 

* 

QC 

w 

* 

O 

3 

0 

* 

2 

* 

* 

3 

0 

»— J 

0 

m 

* 

a 

0 

3 

* 

_l 

* 

Z 

* 

H- 

3 

• 

• 

• 

• 

• 

* 

QC 

3 

0 

* 

* 

b- 

1— 4 

* 

0 

O 

>4- 

0 

0 >0 

p- 

* 

0 

O 

* 

►— « 

* 

3 

0 

* 

3 

* 

* 

a. 

* 

O 

3 

* 

O 

> 

* 

3 

> 

* 

0 

* 

< 

OC 

* 

1— 1 

JX. 

0 

■4- 

0 

4- 

m 

* 

0 

JX 

* 

* 

a : 

u 

h- 

* 

3 

a 

0 

m 

0 

0 

* 

< 

a. 

* 

> 

* 

o 

3 

* 

3 

0 

3 

CM 

CM 

m 

m 

* 

3 

0 

* 

o 

* 

t— 

3 

♦ 

1 

* 

1 

* 

z 

* 

0 

< 

U 

* 

O 

z 

* 

O 

z 

* 

UJ 

* 

< 

* 

< 

K-* 

* 

< 

3 

* 

uj 

# 

* 

3 

cc 

3 

3 

3 

3 

3 

* 

3 

QC 

* 

0 

* 

* 

a 

a 

* 

O 

CL 

* 

UJ 

* 

* 

O 

m 

m 

O' 

0 

* 

* 

£ 

* 

1— 

3 

* 0 

cc 

• 

• 

• 

• 

• 

* 

0 

ac 

* 

UJ 

* 

0 

> 

CL 

3 

* 

0 

> 

ro 

r- 

O' 

CM 

0 

* 

UJ 

> 

* 

* 

3 3 

> 

0 

* ;0 

1 

0 

0 

0 

O' 

O' 

* 

0 

1 

* 

* 

a: 

3 

t- 

£ 

* 

3 

0 

I-- 

r- 

n- 

r- 

p- 

* 

3 

0 

* 

* 

o 

3 

— 

* : 

0 

* 

0 

* 

* 

+ 

* 

H 

* 

3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

* 

* 

* 

+ 

* 

* 

* 

+ 

* 

* 

• 

a: 

* 

* 

X 

* 

0 

— » 

O 

0 

0 4- 

0 

* 

U 

3 

UJ 

* 

* 

1- 

£ 

* 

< 

0 

• 

• 

• 

• 

• 

♦ 

< 

0 

> 

* 

* 

0. 

t— 

< 

h- 

* 

«-F 

O' 

'4- 

s0 

0 

ct 

* 

3 

i— i 

* 

* 

3 

< 

a 

3 

* ! >4" 

nT 

'T 

0 

0 

* 

0 

cc 

* 

* 

o 

w 

* 

>4- 

> 

* 

O 

>■ 

* 

* 

* 0 

►“ 

* 

CJ 

3 

UJ 

* 

* 

* 

1— 1 

* 

3 

3 

Uj 

* 

* 

* 

3 

V 

O 

0 

0 

* 

3 

a. 

* 

* 

(— 

3 

* 

< 

CM 

m 

p- 

0 

* 

< 

o 

* 

* 

0 

QC 

o 

* 

II 

3 

>r 

CM 

0 

4" 

* 

II 

3 

uj 

* 

* 

o 

3 

< 

— » 

* 

O 

r- 

0 

CP 

P- 

* 

O 

3 

* 

* 

o 

0 

* 

>4‘ 

4- 

<• 

>r 

* 

3 

X 

* 

* 

* 

Sl 

QC 

* 

£ 

QC 

u 

* 

* 

* 

3 

* 

3 

1 

* 

* 

< 

* C J 

h- 

3 

H 

H 

CM 

4- 

* 

C?  3 

< 

* 

* 

3 

o 

* 10 

< 

H 

H 

3 

* 

0 

< 

UJ 

« 

* 

or 

< 

* 

3C 

* 

-s 

cc 

* 

3 

* 

< 

w 

* 

in 

* 

3 

< 

* 

O 

* 

* i 0 

£ 

* 

0 

£ 

1 

★ 

o 

* 

* 

• 

< 

4i 

t 

< 

> 

* 

0 

* 

* 

0 

3 

0 

0 

O 

0 

* 

3 

3 

□ 

* 

* 

1- 

3 

* 

QC 

O' 

3 

P- 

0 

* 

QC 

3 

* 

3 

* 

0 

a 

* 

h- 

-4- 

'4' 

CM 

CM 

* 

3 

3 

* 

< 

* 

o 

3 

a 

* 

n 

0 

(M 

CM 

CM 

CM 

* 

II 

0 

0 

* 

M 

* 

o 

a- 

< 

* 

< 

* 

< 

* 

u> 

* 

* 

a 

* 

a 

* 

3 

* 

* 

* 

* 

u. 

* 

* 

O 

NT 

O' 

0 

4- 

* 

* 

UJ 

* 

Z 

* 

• 

• 

• 

• 

• 

* 

* 

z 

* 

3 

l-H 

* 

O 

'4- 

>4- 

0 

O 

* 

3 

* 

3 

* 

<2> 

* 

m 

* 

m 

* 

0 

* 

< 

* 

*— 

* 

3 

* 

* 

oc 

* 

* 

* 

* 

o 

f- 

* 

0 

O 

O 

M< 

m 

CM 

* 

,0 

* 

* 

N= 

3 

* 

z 

O 

CM 

0 

O' 

* 

3 

z 

* 

0 

0 

* 

m 

e— 1 

CM 

CM 

CM 

CM 

* 

m 

3 

* 

* 

O 

* 

CM 

t- 

* 

<M 

3 

* 

* 

< 

* 

m 

< 

* 

m 

< 

* 

* 

* 

1 

QC 

* 

1 

QC 

* 

* 

* 

Cl 

* 

CL 

* 

* 

— 

* 

O 

3 

O 

0 

0 

vr 

0 

* 

O 

3 

* 

* 

> 

3 

* 

1 

y— 

• 

• 

• 

• 

• 

* 

1 

3 

* 

* 

3 

0 

* 

3 

>— 1 

O' 

•4- 

0 

0 

CM 

* 

3 

3 

* 

* 

3 

£ 

* 

1- 

0 

>4- 

0 

0 

O' 

O' 

* 

3 

0 

* 

* 

3 

* 

n— ( 

1- 

P- 

p- 

P- 

* 

3 

* 

* 

* 

0 

* 

0 

* 

CM 

* 

0 

CO 

0 

3 

O 

1 

3 

* 

CM 

<4- 

0 

0 

* 

O 

UJ 

* 

• 

• 

• 

• 

* 

pH 

* 

O 

0 

O 

O 

* 

1 

0 

* 

* 

CM 

rH 

* 

3 4" 

* 

♦ 

* 

* 

* 

* 

* 

* 

3 

O 

O' 

m 

O' 

O' 

* 

O 

< 

m 

•4- 

0 

0 

* 

X 

II 

* 

3 

3 

JC. 

* 

O O 

* 

z 

3 

* 

O 3 

•4- 

CM 

ro 

3 

O 

* 

_) 

m 

m 

m 

m 

'4- 

* 

sc 

* 

< 

* 

0 

3 

* 

m 

a. 

0 

0 

0 

cr\ 

0 

* 

1 

• 

• 

• 

• 

9 

* 

m 

to 

m 

3 

m 

3 

O' 

* 

pH 

z 

0 

0 

0 

0 

0 

* 

1 

3 

3 

3 

3 

3 

* 

CM 

* 

4- 

O 

* 

0 

* 

* 

* 

* 

* 

* 

* 

3 

• 

* 

a 3 

0 

4- 

0 

O' 

0 

* 

X 

0 

0 

0 

3 

0 

* 

3 

* 

3 

II 

* 

3 

* 

< 

3 

0 

O' 

m 

m 

0 

* 

3 

3 

• 

. • 

• 

• 

« 

* 

O 

3 

O' 

pH 

0 

3 

* 

Z 

0 

'4- 

0 

0 

0 

* 

X 

3 

3 

3 

3 

3 

* 

QC 

* 

* 

* 

* 

* 

* 

* 

* 

* 

£ 

* 

QC 

0 

O 

0 

O 

O 

* 

O 

3 

0 

0 

0 

3 

* 

3 

3 

O 

O' 

0 

0 

* 

CO 

3 

* 

* 

z 

* 

0 

* 

F— < 

m 

i-H 

m 

m 

* 

CO 

• 

• 

• 

• 

• 

* 

3 

«4- 

m 

4- 

3 

O' 

* 

z 

a 

* 

3 

* 

QC 

> 

3 

0 

CM 

0 

3 

* 

QC 

3: 

si- 

0 

0 

CM 

0 

* 

< 

Cl 

m 

CM 

m 

0 

3 

* 

2 

CO 

* 

1 

* 

O 

Z 

* 

< 

„ 

3 i 3 

3 

3 

3 

* 

X 

QC 

* 

0 CL 

3 

0 

0 

O' 

0 

* 

• 

• 

* 

• 

• 

* 

CO 

QC 

0 

3 

0 

CM 

0 

* 

UJ 

> 

4- 

* 

>4- 

0 

0 

* 

CO 

1 

3 

3 

3 

3 

3 

* 

X 

O 

* 

O 

* 

F— J 

* 

* 

* 

* 

* 

* 

* 

CO 

O 

CM 

>4- 

0 

* 

UJ 

— 

• 

* 

• 

• 

1 

* 

< 

0 

3 

m 

0 

O 

CM 

* 

■ — - 

3 

CM 

CM 

m 

m 

* 

CP 

* 

0 

> 

* 

CP 

3 

* 

F— 1 

O 

O 

UJ 

UJ 

* 

3 

O 

3 

4- 

CM 

* 

< 

0 

0 

pH 

CM 

* 

II 

X 

rH 

3 

0 

0 

* 

CJ 

fH 

* 

t-H 

* 

£ 

QC 

* 

3 

m 

0 

4- 

0 

rH 

* 

CJ  3 

CM 

4- 

0 

3 

* 

CO  < 

* 

3C 

* 

CM 

* 

>4- 

£ 

* 

• 

< 

O 

O 

0 

0 

* 

rH 

3 

4- 

0 

CM 

0 

* 

QC 

CP 

0 

O' 

3 

* 

3 

CM 

3 

* 

II 

CO 

* 

< 

* 

a 

* 

0 

CM 

0 

3 

0 

* 

• 

• 

• 

• 

• 

* 

0 

3 

CM 

0 

3 

* 

* 

3 

* 

■— » 

* 

0 

O 

3 

>4- 

m 

* 

UJ 

O 

3 

CO 

0 

* 

0 

z 

3 

CM 

>r 

0 

* 

m 

1— < 

* 

CM 

3 

* 

eo 

< 

* 

1 

QC 

* 

a 

m 

O 

m 

4- 

0 

* 

0 

3 

• 

• 

• 

• 

• 

* 

1 

3 

3 

m 

0 

O 

CM 

* 

3 

Fto 1 

m 

<4- 

«4- 

0 

0 

* 

3 

CO 

3 

3 

3 

3 

3 

* 

tai 

* 

cO 

in  cn 

cm  in 


O o 


cn 


P-  O' 
* • 

3 v0 

cn  m 
>0  >0 


* * 


in  4- 
in  o 


o o 

• 

o m 
m m 
>0  <5 


o o 

CM 
O >0 


cm  >0 


o m 
o >o 
C\i  4- 


p-  cm 
cm  m 

V0  <0 


* * 

CM  O 

• • 

o in 


o o 
m 
r- 
o in 


*h  +r\ 

ro  in 


o o 

O CM 
3 O' 
CM 


CM  o 


O 0 

o o 

3 m 


CM  O 

• • 

in  o 
cm  m 
0 0 


r-  O' 

co  o 


o 3 


3 p- 

<4-  0 


O'  in 

cm  m 


O'  n 

• • 

m o' 
s»-  4- 
0 0 


* * 


0 0 

p-  to 


p-  m 

• • 

— i p- 

■4-  ■4" 
0 0 


* * 

O O 
■4-  0 
>4-  cn 


o P- 


0 4" 
O 4- 
O'  fO 


CM  O' 

• 

O'  *4- 

m 4- 
0 0 


p-  4- 


—i  p- 

(M  C\l 


O O 
CO  yf 
CO  0 

■n  0 


p-  0 
0 p- 


o o 
0 0 
0 4- 


0 o 

• • 

O'  0 


O'  CM 
<-c  m 
p- 


p-  -4- 

• 

0 CM 
cn 't 
0 0 


3 

0 

O 

3 • 

3 

Z co 

O 3 

3 

Z 0 

O 

O 

Z 

II  Cl 

Z 0 

3 

X 

0 

to  6. 

< 

00 

> Z 

a 

< O 

z 

• 

2 0 

< 

3 

3 3 

O 

3 0 

•> 

O 

3 < 

> 

CL 

0 0 

3 

0 £ 

z 

3 

O 

0 

< 

O O 

3 

2 

00 

O 

3 0 

3 

3 

O 

Z 

3 

H 3 

3 

3 

3 

£ 

Z 

> 

0 

3 

to  3 

O 

0 

O 3 

3 

3 0 

3 

O 

3 < 

> 

Z 

< £ 

3 

M 

> 3 

O 

a 

< 0 

X 

O 0 

Z 

3 

X 

3 

UJ 

3 3 

3 

z 

II  0 

2 

to- < 

3 < 

3 

3 

to 

to  Z 

0 

3 

0 2 

O 

0.0 

Z 

• < 

0 X 

O 

< QC 

O CO 

to- 

3 O 

3 

< 3 

3 c0 

< 

a 00 

3 3 

ton 

3 0 

0 

3 3 

0 X 

< 

0 < 

O O 

> 

O 3 

z 3 

O O 

O 3 

2 

3 

a 

O 

O 

11  • 

X 

Z Z 

0 z 

00 

< O 

0 

to  3 

0 

<1  O 

3 3 

3 

3 3 

3 < 

QC  CO 

X £ 

3 

3 < 

X 0 

O 

3 0 

UJ  0 

O 

3 

3 

3 

CC  3 

3 Z 

O CC 

3 3 

3 

< 

3 

• 

z 

0 > 

O 

0 CO 

O 0 

3 3 

Z < 

3 t 

CO  CO 

0 z 

OO  3 

3 O 

O 3 

3 3 

O UJ 

It  £ 

0 0 

O 3 

< UJ 

• O 

3 

3 3 

CO  Z 

1 3 

Z O 

• < 

3 0 

UJ 

O 0 

3 3 

• 3 

O 

X < 

CO  UJ 

O Z 

3 X 

< 

O 

3 

3 QC 

3 

O 

p-  0 

0 a 

3 O 

O'  3 

> 3 

3 

3 00 

3 00 

Z 

< 

2 3 

z > 

> 0 

O 3 

0 < 

< 

X < 

2 

2 3 

00  0 

O 3 

3 0 

X 

3 3 

3 < 

3 UJ 

CO  3 

toto 

0 O 

< a 

0 < 

< < 

0 00 

CO  3 

< 

00  O 

3 > 

> O 

Z 3 

0 0 

O 

O 0 

< z 

Z 0 

to—  UJ 

3 

3 < 

3 O 

00  0 

O 3 

< 3 

3 cc 

0 X 

> 00 

CO  3 

3 0 

3 Z 

O £ 

£ < 

3 O 

O 3 

3 H 

3 O 

3 

to- 

to- 

3  CM 

rn  4- 

rn 

%FF  --F 

.to- 

w 

1 

00 

3 

* 

* 


z 

o 


oo 

M 

X 

a 

u 

< 

o 

z 

< 


0 

O 

z 

o 


u 

UJ 


UJ 

00 


UJ 


00 


< 

z 


0 

o 


UJ 

oo 

3 


O 

o 

* 

* 


I 


r 


I 


a 

z 


STUDY  AREA-CHICOPEE  RIVER  SUBWATERSHED-UPPER  QUABOAG  RIVER 


171 


Q 
LU 
LL  LU 
< 

00  >1 


2 

< 

o 


* * 


X] 

* *: 


> 

< 

3 


Q. 

00 

> 

U 

Z 

LU 

o 

0 S 
LU 
2 
LU 


* * 


LU 

2 

LU 

CD 


H 

in 

00 

2 

X 

— L 

1 

X 

* 

O' 

r-4 

4- 

X] 

0 

O 

M3 

0 

* 

CM 

M3 

CD 

r-4 

2 

O 

O 

41 

f 

» 

• 

•) 

2 

< 

X 

1 

4" 

* 

O 

0 

O 

aj 

X 

CM 

H 

* 

I 

CL 

O 

X 

M3 

* 

* 

* 

* 

* 

* 

X 

0 

— * 

O 

0 

r-4 

<M  M3 

CM 

-1 

0 

> 

X 

II 

X 

^4 

r4 

r4 

CM 

X 

X 

0 

0 

X 

1 

»H  O 

X 

1$ 

r-4 

3 

LL  > 

w 

0 1 

0 

O 

4! 

z 

_J 

I 

* 

a 

X 

1 

h- 

X 

cn 

cn 

M3 

00 

0 

X 

4l 

b(S 

r-4 

r-4 

r-4 

X 

X 

< 

^ 1 

0 

X 

j 

H 

Cl 

* ! 

| 

ao 

4- 

X 

X 

0 

cn 

9» 

• 

• 

• 

• 

•1 

> 

X 

»H 

2 

4- 

in 

in 

X 

0 

CL 

X 

00 

1 

♦—4 

r"4* 

r4 

r-4 

r-4 

CM 

O 

X 

X 

4l 

CM 

M3 

M3 

M3  M3 

M3 

1- 

X 

— 

4l 

>3- 

O 

* 

X 

* 

* 

* 

* 

X 

• 

* 

* 

* 

* 

* 

* 

a 

X 

< 

X 

in 

cn 

O 

CM 

00 

X 

0 

X 

in 

M3 

X 

O' 

r—4 

OS 

< 

»— 4 

II 

r-4 

r-4 

r-4 

CM 

< 

X 

< 

X 

X 

X 

0 

in 

CM 

O 

CM 

> 

0 

• 

t 

• 

• 

• 

X 

X 

2 

<N 

CM 

cn 

in 

X 

X 

00 

X 

H 

^4 

x4 

r— 4 

r-4 

X 

X 

OS 

M3 

M3 

M3 

M3 

M3 

w 

* 

* 

* 

♦ 

X 

* 

* 

* 

* 

* 

* 

OS 

1- 

a 

O 

O 

O 

O 

O 

O 

1— 

X 

A 

X 

X 

M3 

in 

X 

r-4 

4- 

00 

CL 

X 

00 

4- 

4- 

4- 

4- 

cn 

C3  X 

0 

— * 

M 

O CL 

< 

X 

2 

iS 

O 

0 

*— 1 

0 

00 

X 

O' 

in 

00 

2 

cs 

X 

• 

• 

• 

• 

• 

1— 

1—4 

CD 

a 

4- 

4- 

in 

X 

r-4 

UJ 

00 

r4 

O X 

X 

> 

< 

OS 

00 

4- 

M3 

X 

in 

O' 

OS 

0 

X 

< 

Cl 

X 

in 

CM 

O' 

cn 

0 

X 

X 

00 

4- 

in 

M3 

00 

cn 

1- 

H- 

1 

r-4 

l/l 

< 

0 

0 

2 

< 

<x 

•— 1 

X 

OS 

X 

X 

X 

X 

X 

0 

CL 

in 

CM 

X 

in 

0 

f- 

X 

— 

00 

OS 

• 

• 

• 

• 

• 

l/l 

> 

CL 

X 

0 

> 

O' 

O 

O 

CM 

in 

X 

X 

> 

00 

00 

1 

0 

r-4 

r-4 

H 

r-4 

CL 

X 

h- 

X 

X 

0 

M3 

M3 

M3 

M3 

M3 

O X 

W 

0 

+ 

r— 4 

* 

* 

* 

♦ 

* 

* 

4< 

* 

* 

* 

X 

0 

O 

M3 

r— 4 

O 

in 

h~ 

2 

< 

CD 

t 

• 

• 

f 

• 

Cl 

< 

X 

x-4 

cn 

M3 

CO 

0 

X 

< 

O 

X 

0 

r4 

a 

w 

X 

> 

m 

H— 

xH 

r-4 

>v 

X 

0 

O 

X 

X 

b- 

X 

— » 

< 

CM 

CM 

00 

cn 

00 

CL 

O 

11 

X 

O' 

X 

CO 

O 

0 

< 

w 

0 

4- 

CM 

CM 

CM 

O 

00 

— * 

2 

os 

X 

< 

O 

X 

X 

r-4 

CM 

r-4 

CM 

X 

0 

00 

< 

r4 

M3 

O 

cn 

M3 

OS 

< 

JC 

H 

r— 4 

r—4 

< 

w 

>3- 

r^ 

2 

* 

• 

< 

h— 

CM 

X 

O 

0 

O 

X 

h- 

X 

«— 

OS 

r-4 

ao 

CM 

CM 

00 

OS 

X 

in 

O' 

X 

in 

0 

X 

0 

w 

II 

00 

CM 

0 

CL 

< 

< 

a 

0 

00 

X 

4- 

M3 

Z 

• 

• 

• 

• 

• 

X 

M 

O 

0 

CM 

4- 

X 

O 

CM 

< 

— 

OS 

a 

X 

O 

0 

0 

4- 

X 

O' 

i— 

X 

O' 

2 

0 

O 

O 

X 

00 

cn 

r-4 

rH 

cn 

in 

co 

0 

CM 

X 

< 

cn 

< 

1 

os 

CL 

— 

<x 

X 

0 

X 

CM 

0 

in 

> 

X 

1 

X 

• 

• 

t 

• 

• 

X 

00 

X 

fc-4 

cn 

in 

ao 

0 

CM 

X 

2 

H— 

00 

O 

0 

O 

r-4 

(=4 

X 

•— 1 

M3 

M3 

M3 

M3 

>0 

oO 

4" 
in  ooj 

I LL1 

tM 

O 

I r» 
cm  in 

r-  e-t 


* 4"  in 

*J  cn 

* • 

*ioq 


x,  * * * * 


LU 

Q i 

S "I 

X 

O O' 
z -Ji 

O LL 


O'  LU; 
O G. 

I 

cm  *. 
H Z 
I - 

<N 

4"  O 


co;  x co 

fC>  CM  cn 


4*j  o 4- 
CM  C\J  CM 


O'1  (O  O' 
•l  • 

O'  >0  O' 
CM.  fM  CM 
M3  M3  M3 


• * * * * 


x II 
X 

< LL 
X LL 
O 
2 
O 
CS 


2 

OS 

0 o 

_l  X 

LU  00 

LL  2 

ss  o 

o x. 
O 00 
OS  UJ 
CD  O 

X > 
00  3 
< 0. 
LU  00 

1 

O 2 

< i— i’ 

3 OS 
O Cl 

00  QC 

o > 

00  I 
3 o 
O 


in  in  o 
csj  o 
CM  X CM 


N fO  >0 
CM  CM  CM 

o <o  >o 


* * * * 

o o o 
cn  ; X cm 
-O  O'  o 
1 cn  cm 


x M3  4" 

;:o 


co  >3-  x 

>3-  CO  CM 
O'H  fO 


< 

3 

ai 

$i 

X 

< 

si 

LU| 

csi 


o 

0 

M- 
CM 

C0|  < 

1 

CL 

0 

1 

LU 


co  >r  Is- 

CM  X 
vO  'O  'O 


* * ■ * * 


— O'  X M3 

CO  *!  » • 

— in  oo  — i 


o 

i CO  O' 

in 
o oo 

cm!  X 
cm; in  cd 


o o 

CO  >o 
CO  CM 
in  (M 


O' 


M3 


>r  <\i 
o x 


O CO 
O O' 
x CM 


>3-  X 


M3  O' 
O 4" 


CO  Is-! 
CO  CO 


4"  '3- 
CM  CM 


O'  in 
• • 

O'  O' 
CM  CM 
Ml  sO| 


* * * 

>0  O' 

X CM 
CM  CM 


M3  X 
CM  CM 
M3  M3 


* * * 

O O 
CO  CM 
CO  00 


O'  X 
X X 

in  oo 


O'  CM 
X (Mi 
s0  M3 


Is-  in 
• • 

CO  >0 


<x  cu 

CO  O'! 
Is-  00 
M3  4" 

I 

ro  x 
o 4- 


o o 

CM  o 
4"  00 


in  x 
co  co 
4 00 


O'  CM 
— < CM 

M3  M3 


M3 

CM  l/l 
I LL 
CM  O 
O 

I in 
CM  4" 
Is-  in 

LU 

Q 

13  II 
X 

x 3 

O O 

Z _l 
O IL 
_J 

* 
< 
X LU 
CO  Qu 
I 

r-4  • 

x 2 


i-i 
- „ 

_J  U. 

i 

X' 

oSi 


£ 

oc ; 
a O' 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Hi 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* x > 

* CM  X 

* X — « 

* _J 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


* 

* 

* 

* 

* 

* * 


M3  M3 


O 

H 

• * * * 


CO  so 

CM  CM 
M3  Ml 


* * * 

0.0 


~ I 

IL  2 
iS  O 

o 

0 on| 
CL  UJ 
SO  O; 

X >- 

</)  3' 
« CL, 
LU  l/l 

1 I 

Q 2 
< <—i 
O OSi 

gj  a 

I 

</i  os; 
o >! 


•3-  v3- 


-t  >3" 


M3 


| * * * 

— i co  o 

CD  | • • 

— j O.CO 


00 


O 


4- 

O 

CM 

* 

M3 

r-4 

cn 

* 

• 

• 

• 

* 

O 

r-4 

r-4 

* 

X 

• 

* 

2 

on 

* 

O 

X 

* 

* 

* 

♦ 

* 

2 

on 

* 

0 

cn 

^4 

^4 

* 

II 

CL 

CM 

4- 

in 

* 

2 

OS 

* 

O 

* 

0» 

CL 

* 

on 

* 

>- 

2 

* 

< 

O 

in 

0 

CM 

* 

t 

3 

on 

r4 

CM 

CM 

* 

X 

X 

r-4 

* 

O 

X 

as 

* 

O 

r-4 

< 

* 

0. 

CL 

CL 

00 

in 

O' 

* 

on 

X 

• 

• 

• 

* 

X 

0 

CM 

X 

O' 

* 

< 

O 

0 

cn 

m 

cn 

* 

3 

Ml 

M3 

M3 

* 

Oi  x 

CS 

* 

0 

* 

X 

ll 

X 

* 

* 

* 

* 

* 

X X 

* 

2 

> 

00 

CO 

4" 

* 

X 

0» 

X 

cn 

4- 

in 

* 

CD  O 

r-4 

r-4 

rH 

r—4 

* 

X 

OS 

* 

O 

< 

* 

Z 

< 

X 

0 

in 

CM 

* 

x-» 

> 

nm 

• 

• 

• 

* 

a 

< 

os 

0 

4- 

X 

* 

Z) 

0 

CL 

cn  cn 

cn 

* 

X 

M3 

M3 

M3 

♦ 

0 

X 

X 

* 

z 

II 

CS 

* 

r-4 

X 

< 

* 

* 

* 

* 

* 

* 

0h 

0* 

2 

0 

O 

0 

* 

X 

CL 

3 

m 

M3 

0 

* 

O 

O 

O 

in 

cn 

cn 

* 

0 

< 

os 

X 

* 

< 

a: 

0 

on 

* 

X 

0 

* 

< 

X 

X 

on 

* 

0 

on 

X 

X 

r-4 

0 

r4 

* 

X 

OS 

• 

• 

• 

* 

X 

X 

os 

3 

M3 

CM 

Ml 

* 

l/l 

< 

0 

O 

r—4 

^4 

* 

0 

X 

2 

H-4 

* 

X 

0 

0 

X 

O 

03 

M3 

* 

X 

0 

CM 

r-4 

CM 

* 

Q 

ll 

0 

M3 

CM 

O 

* 

2 

2 

a 

z 

r-4 

r-4 

* 

< 

a 

a 

♦ 

04 

M 

* 

< 

0 X 

X 

X 

X 

X 

* 

1— 1 

X 

h- 

< 

* 

OS 

on 

2 

X 

CM 

0 

* 

X 

< 

X 

os 

• 

• 

• 

* 

X 

X 

L3 

0 

X 

CM 

m 

* 

X-M 

X 

CM 

cn 

cn 

* 

CSS 

X 

X 

2 

M3 

M3 

M3 

* 

0 

os 

♦ 

< 

X 

* 

2 

cs 

> 

* 

* 

* 

* 

* 

O 

on 

0 

OS 

* 

N- * 

H— 

2 

< 

r-4 

X 

in 

* 

1/3 

on 

O 

2 

• 

§ 

• 

* 

X 

0 

0 

t—4 

X 

r-4 

4" 

* 

O 

0 

" 

2 

r-4 

r—4 

* 

0 

r-i 

* 

0 

a 

X 

* 

oo 

2 

1 

X 

* 

0 

< 

X 

OS 

X 

X 

X 

* 

X 

CJ 

CL 

*-4 

M3 

0 

* 

0 

X 

0 

00 

CM 

vT 

* 

0O 

0 

0 

2 

m 

ro 

cn 

♦ 

< 

O 

* 

r4 

os 

X 

* 

X 

0 

CL 

a 

♦ 

O' 

1” 

> 

X 

O' 

in 

cn 

* 

r—4 

on 

X 

on 

00 

cn 

4- 

* 

< 

X 

r—4 

* 

2 

>■ 

> 

CD 

* 

0 

< 

< 

* 

JC 

X 

* 

C3 

X 

X 

OS 

O 

O 

O 

* 

X 

X 

X 

< 

M3 

r-4 

O' 

* 

l/l 

1— 1 

r-4 

O' 

in 

cn 

* 

< 

CL 

CL 

< 

* 

CD 

on 

on 

X 

* 

< 

♦ 

X 

X 

> 

a 

* 

OS 

0 

0 

in 

cn 

cn 

* 

< 

2 

2 

os 

* 

X 

X 

< 

cn 

co 

CM 

* 

l/l 

0 

O 

X 

H 

* 

X 

os 

CL 

3 

* 

on 

X 

!.U 

CD 

* 

0 

2 

2 

< 

CM 

MD 

M3 

♦ 

O 

X 

X 

h- 

in 

in 

4- 

* 

cn 

CO 

CM 

* 

r-4 

* 

r=4 

CM 

cn 

4- 

* 

*c— 

— r 

* 

* 

1 

CM 

X 

in 

* 

t 

• 

• 

* 

on 

in 

O' 

CM 

* 

X 

CM 

CM 

cn 

* 

X 

M3 

M3 

M3 

* 

0 

* 

2 

2 

O 


u 

LU 


LU 

00 


1 1-  • 2 
LU  — ' 
LU  U. 
OS 

CJ3  OS 
LU  C3 
CJ  IL 


h-  UJ 

< O0 

X O 


io 

2 


00  X 
2 UJ 

O as 

UJ 
t—  o 
< <-< 
> oo 

UJ  2 

X O 
UJ  O 


M3 


STUDY  AREA-CHICCPEE  RIVER  SUBWATERSHED-UPPER  QUA80AG  RIVER 


45 


© 

cn  c0 

C5 

in 

z 

© 

— » 

1 

© 

© 

© 

O' 

© 

u 

a 

O' 

© 

© 

© 

u 

z 

3 

a 

< 

•— 

© 

CC 

< 

X 

l 

m 

CO 

> 

< 

© 

— 

CN 

05 

© 

o 

© 

ao 

* 

* 

* 

* 

* 

* 

* 

* 

© 

* 

a 

3 

3 

* 

© 

o 

> 

3 

H 

* 

© 

© 

o o 

© 

* 

1— < 

o 

X 

* 

© 

> 

o 

O 

* 

z 

© 

* 

a 

© 

* 

© 

* 

C5 

© 

X 

* 

X 

© 

< 

< 

* 

m 

© 

Q 

* 

O 

a 

♦ 

* 



1 

pn 

«• 

* 

> 

© 

i—i 

z 

• 

© 

© 

co 

1 

— i 

* 

o 

© 

X 

(N 

* 

© 

© 

*=> 

«3- 

o 

* 

O' 

* 

* 

* 

* 

* 

* 

* 

© 

• 

* 

Q 

© 

* 

< 

— 

3 

© 

* 

© 

© 

© 

© 

* 

cc 

< 

— 

II 

2> 

© 

* 

< 

3 

© 

5 

< 

* 

< 

© 

>— i 

2 

* 

© 

© 

CO 

* 

> 

3 

o 

© 

X 

* 

© 

© 

z 

o 

o 

* 

© 

CO 

3 

M 

* 

© 

X 

CC 

X 

* 

* 

w 

* 

* 

* 

* 

* 

* 

* 

X 

* 

cc 

* 

© 

o 

* 

© 

© 

3 

© 

* 

CO 

cc 

CO 

* 

Q 

© 

o 

— 

* 

o 

© 

< 

z 

> 

* 

o 

< 

* 

M 

2 

* 

00 

© 

* 

z 

© 

© 

* 

© 

Z 

a 

3 

* 

© 

vO 

© 

CL 

* 

o 

© 

CC 

>- 

CO 

* 

< 

cc 

cc 

* 

cc 

3 

© 

< 

© 

> 

* 

o 

© 

00 

o 

■ 

© 

© 

1 

z 

* 

co 

< 

© 

¥ 

a 

z 

© 

* 

< 

< 

1— I 

3 

* 

3 

cc 

cc 

* 

a 

Cl 

© 

* 

X 

* 

© 

© 

3 

CO 

CC 

© 

* 

CO 

> 

© 

© 

o 

> 

* 

© 

© 

> 

co 

CO 

1 

* 

oc 

© 

© 

X 

3 

o 

* 

o 

© 

o 

* 

+ 

rW 

* 

* 

* 

* 

* 

* 

* 

* 

x 

© 

* 

© 

X 

- — > 

< 

05 

* 

© 

© 

< 

*- 

* 

© 

< 

a 

© 

O 

* 

3 

3 

(N 

> 

w 

O' 

© 

* 

©H 

— 

* 

© 

© 

* 

© 

© 

3 

< 

* 

00 

oc 

© 

© 

ii 

3 

* 

o 

3 

< 

— > 

3 

* 

o 

I/O 

— > 

* 

X 

© 

* 

© 

* 

< 

— 

o 

© 

* 

© 

© 

CO 

< 

* 

© 

< 

-£ 

© 

* 

< 

3 

a 

a 

o 

X 

o 

• 

< 

a. 

* 

© 

ro 

© 

© 

© 

3 

OC 

© 

* 

CO 

oc 

* 

© 

< 

* 

o 

© 

3 

w 

II 

CO 

— 

* 

o 

© 

< 

< 

u 

* 

Q 

3 

* 

© 

« 

© 

* 

z 

z 

* 

© 

1— < 

i 

© 

* 

o 

ro 

CO 

< 

* 

cc 

_ 

c 

© 

o 

* 

© 

© 

CN 

z 

* 

CO 

>3- 

© 

(N 

L- 

* 

< 

ro 

< 

* 

1 

cc 

* 

© 

* 

A 

© 

© 

* 

> 

© 

1 

© 

— 

© 

CO 

© 

M 

© 

X 

— 

CO 

* 

© 

V 

* 

co 

©J 

* 

H 

<N 

^4 

O' 

* 

m 

CN 

* 

• 

• 

• 

• 

* 

* 

o 

o 

* 

* 

* 

* 

* 

m 

in 

o 

o 

>3- 

O' 

m 

in 

i— » 

— * 

o 

in 

O' 

©■4 

pH 

•>3- 

ro 

pp> 

>3- 

-S’ 

CN 

O 

o 

O 

o 

• 

• 

• 

• 

• 

O' 

>3- 

CO 

o 

o 

O 

O 

o 

© 

© 

© 

© 

© 

© 

* 

* 

* 

* 

* 

00 

© 

© 

PN 

© 

CO 

in 

© 

O' 

O' 

1 

O'  fN 

© 

© 

00 

• 

• 

• 

• 

• 

in 

O' 

© 

o 

© 

o 

O' 

o 

o 

o 

© 

v£5 

© 

© 

© 

* 

* 

* 

* 

* 

o 

O 

o 

o 

o 

m 

>r 

>0 

N5 

<r 

>c 

o 

o 

>3- 

o 

in 

CN 

©■< 

©w 

co 

cc 

© 

v0 

• 

• 

• 

• 

• 

m o 

PO 

in 

pn 

>3- 

O' 

o 

>3" 

m 

CN 

© 

O' 

vO 

O' 

CN 

in 

ffl 

© 

© 

© 

© 

© 

>r 

PO 

00 

o 

in 

• 

• 

• 

• 

• 

m 

'3- 

o 

CO 

CN 

o 

co 

O' 

O' 

O 

h- 

'O 

JO 

xO 

© 

* 

* 

* 

* 

* 

^3- 

CN 

© 

o 

in 

• 

• 

• 

• 

• 

>o 

in 

i-L 

O' 

pn 

CN 

CN 

m 

© 

3 

© 

© 

-T 

in 

pn 

o 

© 

© 

in 

«r 

-3- 

o 

PN 

pn 

PN 

© 

o 

co 

© 

CN 

m 

in 

© 

o 

o 

o 

o 

in 

© 

pn 

© 

CN 

O' 

m 

o 

>0 

CN 

rH 

©H 

o 

nO 

O 

in 

©H 

• 

• 

• 

• 

• 

o 

o 

pn 

in 

o 

o 

in 

>0 

o 

o 

n 

sO 

>3- 

CN 

in 

co 

>3- 

m 

00 

o 

in 

• 

• 

t 

• 

• 

in 

>r 

o 

CO 

CN 

© 

cc 

O' 

O' 

o 

>0 

>0 

<5 

nO 

© 

■172- 


sT 

m 

on 

1 

© 

* 

o 

O' 

o 

¥ 

pn 

o 

* 

• 

1 

* 

O 

CN 

>3- 

* 

© 

© 

UJ 

O 

o 

in 

3 

II 

CN 

>0 

© 

©H 

3 

O 

3 

z 

3 

o 

U. 

3 

o 

PN 

iC 

>3- 

m 

< 

in 

UJ 

s3" 

a 

1 

CN 

O' 

CN 

•* 

• 

• 

z 

O 

1 

=. 

PN 

p-H 

CN 

© 

© 

>3- 

o 

X 

UJ 

• 

* 

* 

* 

3 

© 

3 

CN 

O' 

© 

in 

pn 

— 

It 

© 

< 

© 

3 

© 

o 

in 

a 

• 

• 

z 

© 

co 

3 

H 

o 

0C 

© 

© 

X 

* 

* 

* 

ac 

C 

o 

o 

© 

CN 

m 

oo 

© 

m 

>3- 

z 

o 

«c 

00 

in 

© 

• 

• 

Z 

3 

in 

O 

3 

ac 

> 

oc 

s0 

o 

< 

CL 

<3- 

CN 

oo 

© 

©H 

z 

< 

3 

ac 

© 

© 

3 

CL 

in 

in 

00 

ac 

• 

* 

o 

> 

>r 

in 

00 

1 

3 

O' 

3 

o 

© 

>0 

o 

r-H 

* 

* 

* 

O 

>3- 

vO 

< 

• 

t 

«o 

in 

PN 

©H 

m 

> 

vO 

r—W 

© 

3 

CJ 

< 

O' 

li 

3 

3 

3 

O 

pn 

X 

0C 

© 

3 

© 

© 

00 

< 

3: 

in 

in 

X 

• 

< 

CN 

© 

o 

OC 

PN 

© 

PN 

It 

00 

in 

<. 

3 

O 

© 

• 

• 

*■* 

O 

o 

m qcom 


m 

O 


P\J  4"  ® 


in  O' 
m in!  vO  © 


O'  in  O' 


4"  in 
© © 


* * * * 


m 2 

4- 

CM 

en|  < 

I 

a. 

3 UJ 

I 

UJ 


3 4- 


© o 

o in 

— l 42 


in  o> 

• • 

in  nj 
O'  3 
o © 


CN  45 

4-  in 
© © 


* * * 

o o 
© o 
in  4" 


(M  o 

• • 

® oo 

3 CN 

O 3 
© m 
>3-  o 
in  m 


co  o 

• • 

o m 
po  m 
© © 


m 4- 


i— i o 
in  o 


© © 
© 4- 

45  CO 
00  © 


in  o 
© o 


o o 
© © 
cc  m 


nj  in 

3 CN 


O O 
in  o 
© 4- 
3 m 


m 4 
• • 

3 o 
cn  4 
© © 


I 

© O 

0 

1 o 

nj  m 

>3- 

UJ 

a 

© II 


o o 

z © 

O a.1 

© 

< 

0 © 

3 CL 

1 

(N  ► 


< U. 


X 

CL 

o o 


iC  o 

o — 

O CO 
CL  © 
CO  Q 

l-  > 

CO  2 

< a 
© co 
» 

Q Z 

< — 
© a 
or  a. 

i/o  © 

3 > 

co  | 

3 o 
o 


o 

© > 
o © 


< 

II  3 

O 

5-  © 
© 
Q © 
00  < 
2 
pn 

in  x 

• < 
© © 

© 


CO 


3 


* 

O O' 

O'  o 

* 

* 

* 

* 

CN  >T 

© 3 

* 

* 

• » 

• • 

* 

0 

0 

O 3 

* 

* 

• * 

• * 

* * 

* ; 

in 

in  O' 

© ® 

* 

m 

© © 

45  O 

* 

©H 

3 

cn  pn 

* 

* 

* 

1 

>3- 

O O' 

© O 

* 

* 

* 

m 

PN  pn 

4^  ini  * 

o 

© ® 

« 

® O'  * 

• 

• • 

• • ♦ 

>3- 

in  ® 

v0  O'  * 

m 

pn  m 

4-4-  * 

o 

vO  N5 

45  45;  * 

* * 

* * 

* * 

* * 

CO 

3 3 

® 45 

* 

PN 

PN  -4" 

in  45 

* 

* 

o 

-3-  in 

0 

9 

: 

• 

* • 

• • 

* 

^H 

m >o 

4"  © 

* 

pn 

cn  m 

4-  4- 

* 

>0 

>0  >0 

45  4) 

* 

* 

* * 

* * 

* * 

* 

* * 

o 

o o 

O O 

* 

© o 

© O' 

* 

pn 

CN  (N 

O'  ® 

* 

>3-  3 

* 

* 

>0 

>3-  s0 

co  m 

* 

• 

• • 

• • 

© 

•3- 

3 >0 

o m 

* 

* 

-o 

<N  <0 

in  o 

♦ 

* 

00 

3 

® O' 

* 

m 

3 in 

® o 

• 

3 

* 

* 

© 

H-  UJ 

© © 

* 

* 

in 

5 

0 

© in 

• 

* 

• 

• • 

• • 

«3-  ■4’ 

3 in 

* 

CN 

3 pn 

4"  4" 

* 

>0  -O 

45  45 

* 

* 

* * 

* * 

* * 

* 

* * 
* 

o 

in  in 

cn  in 

• 

• • 

• • 

* 

>3- 

4-  pn 

in  cn 

* 

3 CN 

m 4- 

* 

3 3 

3 3 

* 

4-  3 

in  m 

* 

in  4" 

© O' 

* 

pn  3 

CN  © 

* 

m m 

CN  3 

* 

* 

in 

4"  3 

® 4- 

: 

3 CN 

pn  in 

* 

: 

O O 

o o 

* 

O'  4* 

® 45 

* 

© m 

4-  O 

4-  CN 

H H 

• 

* 

o 

CN  PN 

3 (N 

* 

* 

• 

• • 

• • 

* 

o 

3 m 

© 3 

* 

3 

* 

* 

o 

O O' 

© 4- 

* 

* 

o m 

© 3 

* 

3 CN 

in  o' 

* 

* 

* 

in 

in  in 

cn  in 

* 

* 

* 

• 

• • 

• • 

* 

<3- 

4^  m 

in  cn 

O 

3 CN 

pn  4- 

* 

o 

>C  45 

4)  45 

* 

* 

© 

® 

O 

© • 

© 

Z oo 

X © 

© 

Z OO! 

o 

O 

z 

II  CL 

Z oc 

© 

3 OC 

- CL 

< 

00 

> Zi  O 

< O'  z 

• 

3 00 

< 

© 

© 3 

o 

© OC 

o 

—•  < 

>- 

CL 

CL  CL 

© 

oo  X 

z 

© 

o 

o 

< 

O 3 

»— » 

2 

00 

o 

© X 

© 

©4 

o 

z 

© 

II  © 

© 

© 

© 

X 

z 

>;cl 

© 

» © 

o 

® 

o — 

© 

© ac 

© 

o © < 

> 

z 

< X 

© 

> — 

o 

o 

< ac 

X 3 CL 

Z 

© 

X 

© 

o 

© © 

© 

z 

II  oc 

2 

© < 

© 

© 

• z 

® 

© 

CL  2 

o o o 

z 

• 

0C  X 

o 

< cc 

Q 00 

M 

© o 

© 

< © 

© 00 

< 

C 00 

© © 

© oc 

CC 

© © 

cc  X 

< 

I/O  < 

3 3 

> 

o © 

Z 3 

u o 

o © 

2 

© 

3 

o 

a 

II  • 

X 

z z 

o z 

00 

< o 

o 

•»  M 

X 

< o 

© © 

© 

3 © 

© < 

CC  00 

X X 

© 

1 © < 

X OC 

o 

© ® 

3 O 

o 

! 

© 

© 

ac  © 

© Z 

o cc 

© 3 

< 

© 

• 

z 

ac  > 

o 

O 00 

3 ac 

3 © 

z < 

© • 

00  oo 

o z 

00  © 

1 © o 

3 3 

© © 

o U 

II  X 

© cc 

3 3 

< 3 

• a 

© 

© © 

00  z 

1 © 

Z 3 

• < 

© ac 

3 

3 O. 

© © 

• © 

O 

X < 

oo  3 

3 Z 

© X 

< 

O 

© 

^ C£ 

© 

o 

© o 

© o 

© o 

O'  © 

> © 

© 

3 00 

© 00 

z 

< 

2 © 

z > 

> ® 

O © 

o < 

< 

X < 

3 

2 © 

00  © 

Q © 

© © 

X 

© © 

© < 

© 3 

00  3 

© 3 

< CL 

a < 

< < 

® 00 

0O  © 

< 

oo  a 

© > 

> a 

z © 

0C  3 

3 

o © 

< z 

Z © 

3 © 

© 

© <3. 

© o 

oo  3 

3 © 

< 3 

© X 

© X 

> 00 

00  © 

© ffi 

© z 

O X 

X < 

© o 

3 © 

© 1- 

© o 

3 <N 

pp»  4" 

in 

1 

00 

© 

© 

o 

z 

■g 


z 

o 


1 

L 

[ 

[ 

[ 


i 


i 


i 


i 


m> 

x| 

3 


o! 

I 

3 


2:1 

<i 

UJi 

<*1 

*-! 

m 

3 


£ 

LU 


o; 

Q.1 


oc 

O; 


<1 

X 

x1 

cc 

<li 

aii 

i 

3 

ini 


C 

in 

X 

LU 

— 

O' 

X 

0 

CJ 

X 

X 

q 

z 

0 

< 

»— 

H- 

cC 

< 

X 

m 

>1 

< 

uJ 

X 

w 

CL 

0 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

c 

♦ 

a 

> 

* 

□ 

X 

c 

0 

* 

•— 

0 

•— 

* 

u-  > 

* 

* 

t- 

* 

0 

X 

* 

X 

X 

< 

* 

a 

* 

♦ 

* 

* 

> 

X 

* 

CL 

X 

in 

* 

a x 

X 

* 

t-  X 

<— 

* 

* 

* 

* 

* 

* 

* 

* 

+ 

* 

< 

— ~ 

CC 

* 

X 

0 

X 

* 

cc 

< 

z 

h- 

* 

< 

<— 

0 

< 

* 

h-4 

JC 

* 

in 

* 

> 

— ■ 

X 

X 

# 

X 

X 

0 

O 

* 

X 

cn 

4—4 

* 

X 

X 

X 

* 

«-» 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

* 

1- 

* 

1— 

X 

* 

in 

cc 

* 

0 

X 

0 

w 

0 

a 

< 

>- 

* 

< 

* 

2 

* 

X 

* 

Z 

X 

* 

i— 

i—i 

1—4 

* 

X 

m 

a 

* 

0 

X 

m 

* 

< 

1 X 

* 

cc 

0 

X 

> 

* 

0 

X 

O 

* 

h« 

V* 

Z 

* 

in 

< 

u 

X 

* 

< 

0 

* 

o: 

* 

X 

* 

X 

* 

t— 

X 

— 

X 

* 

in 

> 

X 

X 

♦ 

X 

X 

> 

m 

* 

cc 

X 

1- 

X 

* 

0 

X 

— 

* 

+ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

X 

* 

t- 

X 

~ 

* 

X 

h— 

< 

X 

* 

X 

< 

O!  X 

* 

0 

* 

* 

* 

N 

* 

t— 

X 

—X 

* 

cn 

a: 

O 

V* 

* 

O X 

< 

* 

0 

in 

* 

* 

* 

< 

— * 

* 

X 

0 

* 

cc 

<1 

X 

* 

<. 

0 

* 

0 

* 

CL 

* 

1— 

* 

1- 

X 

•— * 

X 

♦ 

in 

cc 

< 

* 

O 

X 

0 

t— 4 

* 

0 

X 

< 

O 

* 

►— > 

* 

X 

* 

X 

* 

z 

* 

X 

M 

X 

* 

0 

CL 

* 

< 

* 

QC 

* 

□ 

H— 

* 

1- 

LL 

* 

<n 

# 

a 

* 

< 

* 

* 

* 

* 

> 

»J 

* 

X 

00 

* 

X 

2: 

* 

X 

w 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* Q 

* 3 

* X 

* -1 

*,  o 

* z 

* o 

* 

* x 

* '■  in 

* 1 

* x 

* -• 

* I 

* rg 

* >4- 

* 

* uu 

* o 

* 3 

* X 

* X 

* X 

* < 

* X 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* Z 

* LU 

* CC 

* cc 

* < 
* 2 
*:  1 

* Q 

* < 

* 3 

* & 

* 

* LO 

* o 

* LO 

* 3 

* 

* 

* 

* 

* O 

* < 

* 

* <0 

* vO 

* gj 

* 

* 

* 

* It 

* 

* X 

* X 

* 

* o 

* 00 

* 

* -4- 

* : o 

* • 

$ X 
* 

* I 

* II 

* < 

* CJ 

* 

:i 

* i 

;i 

: 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


1 X * 

cn  cc 

00  4- 

4 

4 

in  4 

H 

rg  cn 
1 li- 

r- q * 

rg  4 

sO  00 

CD  4 

en  0 i 

0 1 * 

• < 

• 4 

• 4 

X 

1 oO  * 

0 a 

0 0 

O 4 

1 0 

rs  l 

(Si  O' 


< 

UJ 

Cl 

tl 

z 

X 

O 

x 

• * 


x 

0 
z, 

3 

1 

2:  * 

QC 

o 


in 


-173- 


* *1  41  *;  * 


>o  rn  cn 
-4-  co  in 


si 


Si 


in  gj  r-  x 


-I 


H 


H O'  O 


& c\i  O'  & m 


in  gj  gj  X 


* 4>  + * 

0000 
in  o x -4- 
m o co  N 


*— t f— 4 rH 
• '•••• 

■4-I  >r  x cn  o' 


* * 


— o 


m x so  in 
cn  o rg  O' 
nj  vf  r-  o 


m 1 1 1 1 1 1 ii)  1 1 1 

■>4"  co  sj-  in 


eg  oo  x •4- 


* * * * 

co  rg  O'  o 


o o-  o'  x x 


o o->  o <_J 
O'  H O' 
in  in  on 
oo  x in 


OOOO 
nj  rg  4-  gj 

O'  vO  o co 

cm  *— 1 •— 4 


o 


o O'  00  x 
o so'o  >r 


in  4- 
4-  in 
o v0 


O'  o 

• • 

-T  CM 

<1  x 

4)  4J 


x m 


* 
* 
* 
* 
* 

* * 


gj  4 

0 

cn  4 

z> 

it 

CM  4 

X 

4 

X 

4 

0 0 

4 

Z X 

4 

in  4 

e 

X 

4-  4 

x; 

4 

< 

4 

lx  X 

4 

k a 

O'  4 

l 

• 4 

cn 

O'  4 

-• 

X 4 

1 

sO  4 

rg 

4 

k O 

4 

O' 

* 4 

UJ 

• 

4 

Q 

X 

x 4 

P 

gj  4 

lx 

4 

II 

4 

4 

< 

X 

cn  4 

X 

• 4 

0 

X 4 

z 

X 4 

z> 

gj  4 

4 

CX 

4 

* 4 

3E 

4 

CC 

O 4 

0 

cn  4 

X 

X 4 

m 

4 

z 

4 

0 

4 

CM  4 

<n 

• 4 

X 

O 4 

z 

Q 

CNJ  4 

UJ 

4 

cX 

> 

in  4 

ex 

2 

CM  4 

< 

a 

X 4 

3 m 

X 4 

» 

4 

O 

2 

4 

< 

X 4 

=3  CX 

4 

O 0l 

O 4 

• 1 

in  oc 

in  4 

O > 

X 4 

in 

« 

gj  4 

3 

0 

4 

0 

4 

X 

* 4 

in  4 

O 

— 

• 4 

< 

CO 

X 4 

w 

cn  4 

X 

4 

X 

>- 

4 

***  H— 

4 

U 4 

X 

X 4 

< 

O 4 

n 

m 4 

c? 

x 4 

t* 

4 

be 

CX 

4 

X 

in  4 

0 X 

in  4 

in 

< 

4 

2 

4 

CM 

4 

x s: 

4 

• 

< 

O 4 

X 

X 

<-  4 

ex 

00  4 

X 

4 

It 

tn 

< 

b 

gj  4 

• 4 

X 4 

*— * 

X 4 

cn 

4 

4 

gj  4 1- 

0 

X 4 

0 

z 

O'  4 

a- 

X 

4 

M 

X 

4 

n 

< 

4 

l 

CC 

4 

3- 

in  4 

J 

X 

• 4 

1 

X 

CM  4 

JJ 

■rat, 

X 4 

» 

m 

go  4 

4 

n 

* * 


4-  cn  00  m ; 
nj  4"  4)  co 


0000 


1 1 

* # ;*  * * 

tn  45  leg  00 
H-t  O 

I i 


4-  O'  in  O' 
X X rg  CM 


CO 


in  O'  4>  O' 

m m i4*  4- 
CO  CO  co  co 


♦ * * * * 

■tn  <r  in  4- 


in  14*  n x 00 


co  4’  4 in  m 

4 h N CO  N 
r0(cnr0  4-4- 
00  co  co  co  <0 


* * 


* * * * * 

OOOO 
cm  n-  m in 
4-  O'  x gj 


<-4  j<N  4*  cn  cm 

• I • t « • 

4-  jen  so  eg  x 

X >-4 

00  |rg  o m in 
4-  [O'  co  cn  cm 
rg  r-t  cn  X o 


r 


LU 


UJ  UJ  UJ 


4 O f— 4 O O 
• 1 • • • • 
rg  r-4  m r-t  in 
cn  icn  m 4"  4" 

00  00  00  CD  00 


* * 


* * * * *1 


x kn  x m in 

• ■ • • • • 
r-4  p—  —-4  p—  ^-4 

4-4  h eg 


OOOO 
WO  O'  00  O' 
k)  in  in  o 
O'  co  00  O' 


>0  loo  cn  cm  cn 

Itm  4-  vO  x 


p o o o 
rg  4 4 o 
4-  O'  00 

rg  -4 


o ^ x rn  x 

• • • : • • 

— o -4  4-  O'  cn 


o cn  co  -o 
rg 
co 


3 in  in 
-4  rg  in 


>o  n vO  n in 


D CM 

m cn 

d 00 


30  CM 

n 4' 

D CO 


♦ 

X 

41 

O 

m 

41 

1 

X, 

41 

X 

cr 

CM 

X 

X 

41 

in 

a 

41 

rH 

CM 

cn 

cn 

cn 

♦ 

0 

4i 

• 

• 

• 

• 

• 

* 

| 

0 

4i 

0 

0 

O 

O 

O 

X 

• 

41 

CM 

cn 

41 

z 

m 

41 

X 

0 

X 

* 

4< 

41 

* 

41 

* 

41 

41 

z 

cn 

41 

X 

a 

41 

a 

CM 

X 

gj 

CO  vj- 

m 

II 

a. 

41 

z> 

11 

CM 

rg 

■>r 

00 

rg 

CM 

z 

QC 

41 

►— 

H 

r-4 

3 

41 

•— 4 

2 

► a. 

* 

0 0 

in 

* 

Z X 

>- 

z 

* 

0 

X 

< 

O 

* 

X 

cn 

in 

r-H 

r-4 

X 

X 

# 

2 

in 

* 

3«£ 

CM 

CM 

cn 

gr 

-4* 

>4- 

X 

X 

H4 3 

41 

< 

O 

X 

QC 

41 

cn 

X 

c 

*-4 

< 

41 

cn 

CL 

Q. 

a. 

CL 

41 

1 

in 

cn 

in 

X 

X 

CO 

in  z 

* 

O 

* 

• 

• 

t 

• 

• 

• 

X 

O 

* 

z 

sO 

co  >J- 

cn 

O' 

O' 

< 

0 X 

41 

1 

•-* 

"-i 

<-l 

CM 

cn 

cn 

m 

2 

4i 

CM 

X 

x 

X 

X 

X 

X 

O 

X 

QC 

4i 

nT 

0 

r-4 

O 

* 

O' 

X 

11 

X 

♦ 

X 

• 

4i 

41 

41 

41 

* 

* 

41 

X 

X 

* 

O 

X 

z 

> 

41 

3 

^-4 

cn 

00 

in 

cn 

cn 

X 

•k 

X 

* 

H* 

CM 

cn 

cn 

CD 

a 

M 

41 

►—4 

II 

X 

QC 

41 

X 

O 

X 

< 

4i 

< 

X 

Z 

< 

X 

41 

X 

X 

in 

X 

in 

O 

0 

CM 

*4 

> 

M 

4i 

0 

t 

• 

• 

• 

• 

t 

O 

< 

QC 

4i 

z 

m 

vO 

CM 

r-4 

X 

X 

3 

0 

CL 

41 

3 

X CM 

cn 

cn 

cn 

X 

X 

* 

oc 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4i 

z 

II 

QC 

* 

H4 

X 

< 

4i 

X 

41 

41 

41 

4i 

41 

41 

* 

* 

oc 

•» 

» 

z 

4i 

Q 

0 

0 

O 

O 

0 

0 

0 

X 

Cl 

2 

* 

X 

in 

co 

CM 

0 

-r 

»4- 

O 

O 

O 

* 

X 

cn 

X 

' 0 

>*- 

CM 

0 

O 

• 

< 

QC 

X 

41 

f— « 

rH 

H 

H 

H 

r-4 

r-4 

< 

oc 

a 

cn 

41 

X 

z 

X 

0 

4i 

*: 

0 

< 

X 

X 

in 

4i 

0 

M 

0 

in 

h— 

X 

41 

0 

in 

H 

gj 

r4 

r4 

0 

r*^ 

X 

QC 

* 

cc 

X 

t 

• 

• 

• 

• 

• 

X 

X 

QC 

3 

41 

CD 

O 

M- 

in 

O' 

0 

cn 

cn 

in 

< 

O 

O 

* 

H 

rg 

CM 

0 

X 

z 

*—4 

41 

X 

> 

X 

0 

0 

X 

* 

cn 

X 

H 

M- 

CO 

O' 

cn 

X 

X 

4i 

< 

O' 

cn 

H 

X 

cn 

>* 

CJ 

II 

• 

4i 

X 

in! 

x-4 

rg 

cn 

in 

in 

z 

z 

a 

z 

41 

1 

< 

0 

0 

41 

0 

Z 

•h 

44 

* 

< 

< 

O X 

t— 

41 

z> 

QC 

X 

X 

X 

X 

X 

X 

»— t 

X 

X 

< 

4i 

0 

CL 

cc 

in  3 

X 

4i 

rg 

CO 

cn 

X 

O' 

0 

X 

< 

X 

CC 

* 

cn 

CC 

• 

• 

• 

• 

• 

• 

X 

CD 

X 

u 

4i 

O 

>■ 

-4- 

0 

CD 

in 

X-4 

X 

41 

cn 

1 

X 

CM 

CM 

cn 

cn 

cc 

X 

X 

z 

4i 

3 

O 

X 

X 

X 

X 

X 

X 

X 

CC 

X 

M 

4i 

O 

< 

X 

♦ 

z 

QC 

> 

41 

41 

41 

41 

41 

41 

* 

41 

0 

cn 

X 

QC 

4i 

1-4 

X 

z 

< 

4> 

O 

-x 

ID 

X 

X 

CM 

•4" 

in 

in 

in 

0 

Z 

4i 

< 

00 

• 

t 

• 

• 

• 

• 

X 

O 

X 

44 

* 

CM 

00 

>r 

cn 

O' 

O' 

0 

X 

II 

X 

* 

CM 

f-H 

CM 

cn 

m 

cn 

X 

44 

4i 

CD 

> 

• 

0 

X 

41 

CM 

X 

m 

z 

1 

X 

4i 

M 

• 

c 

X 

QC 

* 

0 

X 

X 

X 

X 

X' 

u 

X 

* 

< 

CD 

O' 

O' 

in 

r-4 

• 

X 

0 

4i 

II 

X 

CM 

m 

cu 

X 

X 

in 

X 

X 

z 

4< 

0 

r-4 

r-4 

H 

0 

0 

< 

0 

4i 

fc-H 

CM 

CM 

CM 

CM 

rg 

r-4 

oc 

X 

* 

2 

oc 

X 

0 

CL 

CJ 

4i 

X 

O' 

X 

> 

X 

41 

O 

H* 

rg 

O 

-r 

rH 

X 

X 

r— 4 

cn 

X 

in 

4t 

in 

< 

r-4 

H 

CM 

CM 

CM 

< 

* 

2 

z 

> 

> 

aj 

♦ 

gr 

0 

< 

<x 

* 

M- 

SI 

2 

2 

X 

41 

• 

< 

a 

X 

X 

oc 

* 

O 

X 

0 

0 

O 

O 

0 

X 

X 

X 

< 

4> 

oc 

O' 

in 

CM 

r-4 

0 

O0 

1-4 

44 

41 

X 

r4 

X 

>T 

CM 

(Ml 

< 

a 

CL 

< 

4i 

II 

in 

CM 

r— 4 

r-4 

r-4 

r-4 

X 

in 

in 

X 

4i 

< 

<x 

41 

CJ 

X 

> 

> 

CJ 

4i 

cc 

X 

X 

4i 

O 

cn 

cn 

gj 

O' 

0 

< 

z 

z 

QC 

4i 

• 

• 

• 

• 

• 

• 

X 

X 

< 

4< 

O 

M- 

h- 

cn 

O' 

0 

<n 

0 

0 

X 

4i 

rH 

r-4 

r4 

rg 

X 

QC 

QC 

3 

4* 

w 

in 

X 

X 

CO 

♦ 

a 

X 

X 

< 

41 

CO 

O 

O 

cn 

0 

0 

O' 

X 

X 

X 

X 

41 

X 

z 

O 

X 

rg 

NO 

X 

4i 

M- 

NM 

H 

cn 

>4- 

41 

eg 

X 

r-4 

rg 

ro 

>4- 

41 

cn 

< 

41 

1 

oc 

* 

CL 

1 

4i 

O 

X 

00 

CO 

ao 

rg 

gr 

in 

* 

1 

X 

• 

• 

• 

t 

• 

• 

in 

41 

X 

XH 

in, 

r-4 

X 

gj 

CM 

CM 

X 

41 

X 

cn 

O' 

H 

r-4 

CM 

m 

cn 

X 

* 

'O 

X 

X 

X 

X 

X 

0 

4i 

in 

z 

1-  •!  z 

</3  LU  >— 
LU  LU  LL 
CC  CL 


< in 

x _> 


m o 
Z X 

o cc 

4-4  UJ 
h-  Q 
< — 1 

> in 

uj-z 

_i  a 

x o 


STUDY  AREA-CH ICCPFE  RIVER  SUBWATERSHED-UPPER  QUABOAG  RIVER 


-174- 


o 

m 

P 

ro 

OO 

CM 

JO 

Q 

m 

Z 

UJ 

-p 

1 

X 

* 

ro 

PO 

o 

>0 

1 

X 

* 

in 

* UJ 

-J 

O' 

UJ 

o 

o 

-T 

o 

* 

CNJ 

<r 

at) 

D 

cn 

o 

* 

m 

* X 

UJ 

u 

z 

o 

pH 

* 

• 

• 

• 

• 

• ’ 

* 

• 

* < 

M 

p 

a £ 

< 

X 

| 

rO 

* 

o 

o 

o 

o 

o 

1 

pH 

* 

o 

* JO 

>- 

< 

UJ 

X 

— 

CM 

oo 

* 

CM 

O 

>» 

a. 

o 

r- 

CM 

P- 

in 

* 

* 

* 

4 

UJ 

X 

* 

o 

O 

00 

o 

O' 

in 

cn 

cn 

Q 

CM 

00 

4 

_i 

CJ 

> 

X 

II 

CM 

CM 

cn 

r- 

pH 

CM 

X 

ii 

OO 

pH 

4 

X 

CJ 

o 

L— 

H 

pH 

h~ 

CM 

H 

* 

*H 

o 

— 1 

pH 

2 

•— » 

2 

* 

LL. 

> 

O 

O 

O 

O 

* 

z 

X 

z 

X 

* 

o 

X 

a 

X 

4 

p 

X 

O' 

cn 

»}■ 

H 

cn 

X 

x >3- 

4 

o 

p 

CM 

CM 

m 

>r 

in 

in 

>o 

•3- 

* z 

4 

X 

X 

<i 

< 

* < 

4 

p 

X 

o 

X 

* o 

4 

o 

CL 

»H 

X 

4 

1 

%X\ 

O 

o 

p' 

>3- 

o 

1 

>3- 

CO 

* 

— * 

ro 

fr 

• 

• 

• 

• 

9 

• 

cn 

*. 

• 

• 

* 

> 

«H 

z 

in 

>r 

o 

o 

00 

o 

pH 

z 

X 

O' 

* 

CL 

UJ 

OO 

1 

•—4 

vO 

•o 

n- 

CO 

00 

O' 

1 

*-* 

X 

in 

* 

o 

X 

X 

CM 

m 

in 

in 

in 

in 

in 

CM 

~o 

o 

* 

p 

UJ 

•— 

>r 

O 

>T 

o 

* 

O' 

O' 

* * 

* 

* 

* 

* 

* 

* 

UJ 

• 

* 

* 

* 

* 

* 

* 

* 

X 

• 

* 

* 

* 

* 

a 

Q 

p~ 

* 

< 

< — 

X 

iH 

O' 

cn 

>3- 

r» 

X 

<■ 

•T 

*1 

ac 

* 

UJ 

cj 

P 

cn 

cn 

in 

<3 

vO 

X 

CM 

pH 

UJ 

* 

op 

< 

P- 

n 

«— « 

II 

* Z 

t— 

4 

< 

1— 

* •— 

* CD 

< 

* 

< 

X 

<x 

X 

* ' PH 

2 

4 

X 

X 

cn  cm 

o 

O 

in 

cn 

X 

X 

in 

o 

* JO 

4 

> 

O 

• 

• 

t 

• 

• 

• 

* 

o 

• 

• 

4 i UJ 

X 

* 

UJ 

z 

CM 

CM 

oo 

00 

m 

z 

in 

00 

* 1 o 

O 

* 

-J 

<S) 

X 

•C 

sO 

nO 

r- 

CO 

X 

X 

X 

in 

PH 

* 

UJ 

X 

ac 

in 

in 

m 

in 

in 

in 

CC 

>0 

o 

X 

* 

— 

* * 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

* 

* 

* 

* 

z 

* 

* 

* 

* 

ac 

X 

* 

p 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

* 

h- 

LL 

— * 

i— 

in 

in 

in 

cn 

o 

in 

X 

o 

o 

* 

JO 

oc 

«* 

OO 

O' 

o 

r- 

in 

<t 

>3" 

JO 

pH 

vO 

* 

o 

UJ 

LX 

pH 

CM 

rn 

* 

o 

CL 

< 

z 

z 

V 

* 

o 

o 

< 

* 

►-H 

X- 1 

2 

« 

CO 

H 

o 

vO 

00 

CM 

CM 

JO 

o 

X 

—1 

* 

z 

X 

• 

• 

t 

• 

t 

• 

X 

t 

• 

* X 

* 

H- 

PH 

z 

o 

>3- 

p- 

in 

•J" 

o 

z 

CJ 

n3- 

pH 

* r-H 

* 

UJ 

oo 

LU 

pH 

CM 

CM 

X 

a. 

* 

a 

UJ 

ac 

> 

X 

> 

jo 

* 

< 

op 

a: 

Jt 

CM 

n- 

CD 

sO 

OO 

in 

j£ 

in 

O' 

* 

OP 

o 

l- 

< 

X 

o 

00 

p-H 

>r 

< 

X 

X 

X 

>- 

* 

a 

LL 

2 

OO 

CM 

CM 

cn 

00 

CM 

cn 

JO 

>3- 

H 

o 

4 

i— 

p 

1 

pH 

» 

2 

* 

JO 

< 

u 

a 

z 

a 

z 

* 

UJ 

* 

< 

< 

*— 

* < 

P—4 

o 

* 

X 

cc 

X 

X 

X 

X 

X 

X 

* 

X 

cc 

X 

X 

a: 

• 

CJ 

X 

(X 

X 

UJ 

* 

O' 

r~- 

in 

in 

cn 

o 

o 

in 

$ 

2. 

* 

LU 

— 

to 

X 

• 

• 

• 

• 

• 

• 

* 

cr, 

cc 

t 

• 

A 

UJ 

* 

00 

> 

Q. 

_J 

o 

> 

O' 

CT 

in 

in 

cn 

in 

(X 

> 

cn 

in 

* 

LU 

JJ 

> 

00 

to 

1 

in 

in 

o 

p- 

X 

X 

UO 

1 

X 

in 

* 

* 

OP 

X 

P 

X 

X 

o 

in 

in 

in 

in 

in 

in 

jr 

X 

o 

>o 

*0 

* 

a 

UJ 

HP 

o 

o 

* 

+ 

>H 

* 

* 

* 

* 

* 

* 

.* 

* 

* 

* 

* 

* 

* 

* 

4 

* 

* 

X 

o 



o 

CM 

o 

o 

CO 

in 

o 

X) 

o 

* 

1— 

2: 

< 

CO 

. 

• 

• 

• 

• 

• 

< 

X 

• 

• 

* 

Cl 

P 

< 

w— 

>3- 

CD 

o 

o 

cn 

in 

W 

cn 

X 

* 

LU 

< 

a LL 

>r 

CM 

cn 

M- 

>3- 

CM 

pH 

pn 

* 

Q 

W 

pH 

>- 

>3- 

> 

* 

>U 

h— 

CM 

H- 

4 

►— 4 

pH 

1—4 

* 

"V 

X 

CJ 

CJ 

CJ 

CJ 

-J 

CJ 

* 

P 

LL 

< 

cn 

pH 

cn 

O' 

*H 

< 

O 

* 

00 

OP 

<x 

ii 

X 

LT\ 

CM 

>r 

O' 

pH 

II 

X 

»— 1 

* 

o 

X 

< 

X 

CM 

O' 

O' 

O' 

o 

o 

O' 

4 

o 

to 

1—4 

H 

pH 

P-4 

in 

4 

X 

X 

Z 

X 

4 

X 

X 

4 

< 

CJ 

>— 

cn 

CM 

nO 

o 

<x 

X 

CM 

pH 

4 

LU 

u 

oo 

< 

rH 

cn 

•j- 

in 

vO 

tn 

< 

X 

* 

QC 

< 

jC 

-J 

* 

< 

vO 

o 

* 

cr 

X 

O' 

z 

o 

* 

• 

< 

• 

< 

* 

CL 

* 

p- 

CJ 

X 

o 

O 

o 

o 

o 

pH 

X 

o 

4 

p 

LL 

— * 

X 

CD 

oo 

cn 

cn 

pH 

cc 

m 

* 

00 

op 

H- 

pH 

O' 

>£) 

in 

in 

1" 

X 

< 

* 

o 

LU 

u 

n 

oO 

CM 

n 

JO 

'T 

-H 

* 

o 

CL 

< 

< 

< 

u 

* 

CJ 

u 

PH 

4 

U_ 

4 

o 

O 

CO 

in 

CM 

pH 

O 

CM 

UJ 

t 

t 

• 

• 

• 

• 

• 

• 

Z 

* 

UJ 

•— < 

o 

CM 

in 

cn 

*-H 

cn 

o 

H 

UJ 

O 

^H 

CM 

CM 

X 

CO 

4 

< 

-p> 

* 

op 

* 

a 

P 

o 

o 

O 

r- 

o 

cn 

M- 

o 

o 

>o 

* 

p 

LL 

CD 

z 

O 

O' 

O' 

ro 

X 

O' 

z 

cn 

* 

00 

<- 

►H 

•H 

CM 

sO 

o 

pH 

M- 

HH 

rH 

* 

CJ 

CM 

h- 

pH 

pH 

CM 

X 

* 

< 

m 

< 

cn 

< 

4 

1 

X 

1 

cc 

4 

CL 

X 

* 

u 

X 

r~ 

CM 

O 

X 

X 

in 

o 

X 

O' 

o 

* 

> 

-J 

1 

1— 

t 

• 

t 

• 

• 

• 

1 

X 

• 

• 

* 

UJ 

O0 

X 

>H 

pH 

in 

pn 

cn 

o 

CM 

X 

N4 

O' 

cn 

* 

X 

X 

>"=* 

OO 

>3- 

in 

>0 

X 

X 

u- 

00 

CM 

in 

4 

UJ 

HP 

=— 

in 

in 

in 

in 

in 

ITS 

«— • 

O 

•o 

4 

o0 

L0 

4 

CM 

LO 

1 

X 

M- 

CM 

CO 

* 

1 

X 

4 

in 

o 

'i- 

vT 

'O 

CO 

X 

CM 

tn 

* 

l\J 

u 

* 

CM 

n 

00 

CJ 

•1 

• 

• 

* 

H 

4 

o 

O 

pH 

l 

m 

4 

o 

c 

o 

H 

pH 

X 

9 

p 

* 

CM 

D 

4 

z 

JO 

4 

cn 

o 

X 

t— 

* 

* 

4 

4 

4 

4 

4 

* 

4 

4 

* 

4 

z 

JO 

X 

4 

X 

o 

z 

r- 

o 

O' 

4 

o 

00 

o 

O' 

cn 

PM 

X 

II 

CL 

O' 

CJ 

X 

4 

o 

ii 

cn 

'T 

in 

pH 

O' 

O' 

z 

OP 

X 

CM 

o 

CO 

4 

W— 

pH 

X1 

pH 

X 

cc 

4 

•— i 

2 

CL 

c 

4 

o 

o 

JO 

4 

z 

X 

>- 

z 

a 

4 

a 

X 

< 

o 

z 

cn 

m 

>0 

4 

X 

X 

CD 

CM 

pH 

00 

O' 

9 

2 

JO 

< 

o 

00 

O' 

4 

CM 

CM 

ro 

>3- 

'S’ 

'S- 

X 

X 

PH 

4 

< 

O 

X 

OP 

9k 

4 

CM 

X 

o 

PH 

< 

V 

4 

O 

Cl 

a. 

CL 

Q. 

X 

x 

in 

o 

4 

1 

O' 

in 

o 

X 

in 

O' 

JO 

z 

z 

• 

• 

• 

4 

m 

P» 

• 

9 

9 

e 

9 

9 

X 

3 

o 

CO 

CO 

CM 

4 

pH 

Z 

X 

00 

cn 

pH 

O' 

O' 

< 

o 

o 

r*- 

O' 

pH 

4 

1 

P-1 

pH 

pH 

CM 

cn 

cn 

m 

•— < 

JC 

t/*) 

<3 

o 

X 

4 

CM 

nO 

vO 

vO 

<3 

-o 

>o 

o 

►— 

OP 

>— 

4 

'T 

O 

•H 

Q 

z 

4 

O' 

X 

II 

X 

X 

* 

* 

4 

4 

4 

X 

• 

4 

4 

4 

4 

4 

4 

4 

X 

X 

z 

4 

X 

X 

z 

>- 

X 

O 

>0 

CM 

4 

3 

cr\ 

in 

CM 

o 

cn 

■S’ 

X 

94 

X 

3 

CM 

>r 

vO 

4 

pn 

pn 

vT 

*0 

X 

X 

CO 

o 

PH 

X 

4 

4 

H 

ii 

X 

Cl 

X 

4 

* 

X 

CD 

X 

< 

> 

4 

< 

X 

z 

< 

z 

X 

9 

o 

o 

o 

4 

X 

X 

o 

o 

in 

•T 

ao  cn 

H 

> 

3 

z 

• 

• 

f 

4 

o 

t 

• 

9 

9 

9 

9 

Q 

< 

ac 

3 

•s- 

o 

4 

z 

in 

>0 

o 

O' 

o 

X 

Z> 

o 

a. 

z 

H 

n- 

O' 

pH 

4 

z> 

pH 

^4 

CM 

CM 

m 

cn 

X 

X 

X 

p 

<3 

o 

X 

4 

CC 

-o 

vO 

sO 

<3 

o 

v0 

o 

X 

X 

X 

PH 

4 

z 

II 

ac 

2 

JO 

4 

H 

X 

< 

p 

PH 

* 

* 

4 

4 

4 

z 

4 

4 

4 

4 

4 

4 

4 

X 

3 

4 

X 

94 

•* 

z 

OO 

i x 

o 

O 

o 

4 

o 

O 

O 

o 

o 

o 

O 

X 

Cl 

CJ 

O 

in 

O' 

4 

X 

X 

X 

>0 

m 

O' 

00 

O 

o 

o 

z 

< 

CM 

cn 

pn 

4 

JO 

00 

CO 

X 

>0 

in 

in 

9 

< 

OC 

X 

3 

CM 

pH 

4 

< 

a; 

o 

U0 

PH 

O 

4 

z 

X 

o 

p 

z 

4 

CD 

< 

h- 

X 

JO 

< 

<. 

4 

PI 

a 

J0 

X 

X 

PH 

X 

O' 

CM 

in 

4 

JO 

pH 

vO 

CO 

X 

CM 

o 

X 

OP 

X 

• 

• 

• 

4 

X 

• 

9 

9 

9 

9 

9 

►— 

X 

ac 

3 

< 

OP 

pH 

X 

4 

z 

o 

>3- 

M- 

o 

CM 

O' 

O 

J0 

< 

u 

cr 

> 

o 

pH 

pH 

4 

X 

pH 

pH 

CM 

o 

X 

z 

PH 

4 

cc 

> 

CJ 

CJ 

a 

X 

JC 

z 

o 

pH 

cn 

4 

cc 

JC 

CO 

CO 

00 

O' 

o 

Is* 

h- 

(X 

o 

3 

pH 

•o 

pH 

4 

< 

a 

CO 

pH 

X 

X 

<r 

CO 

a 

II 

9 

X 

PH 

m 

pH 

ac 

4 

-£ 

J0 

CM 

pn 

v3- 

ao 

cn 

CT) 

z 

z 

CJ 

z 

JO 

p 

pH 

pH 

4 

1 

X 

X 

< 

a 

a 

o 

4 

X 

z 

ik 

PH 

O 

X 

4 

< 

p— 1 

< 

a 

UJ 

t-» 

p 

X 

X 

X 

X 

4 

X 

X 

X 

X 

X 

X 

X 

X 

M 

X 

X 

< 

X 

4 

CJ 

X 

a 

JO 

z> 

z 

p 

JO 

in 

in 

in 

4 

in 

in 

CM 

O' 

m 

o 

X 

< 

X 

0C 

o 

• 

• 

• 

* 

00 

X 

• 

9 

9 

9 

9 

9 

CO 

CJ 

X 

a 

X 

>3" 

>3- 

X 

4 

CD 

> 

nj 

m 

00 

o 

-S’ 

in 

4-4 

X 

X 

p 

X 

O' 

o 

4 

cr. 

1 

pH 

X 

nj 

cn 

m 

OP 

X 

X 

z 

1-4 

o 

o 

X 

4 

z> 

o 

s0 

>0 

JO 

<3 

vO 

o 

cc  X 

PH 

pH 

JO 

4 

o 

< 

X 

9 

4 

pH 

z 

ap 

> 

o 

X 

* 

* 

4 

4 

4 

4 

* 

4 

4 

4 

4 

4 

o 

JO 

o 

cc 

< 

4 

p 

X 

z 

< 

p 

9 

z 

o 

pH 

in 

4 

o 

cn 

X 

vT 

CC 

in 

JO 

JO 

o 

z 

JO 

X 

H 

• 

• 

• 

4 

< 

CO 

• 

9 

9 

9 

9 

9 

X 

o 

o 

— N 

X 

X 

X 

sO 

'O 

pH 

4 

>3- 

>T 

CM 

cn 

o 

pH 

CJ 

o 

II 

z 

CP 

cc 

in 

X 

O' 

4 

CNJ 

— 1 

CM 

rn 

*3" 

o 

PI 

< 

CD 

OP 

4 

cn 

>- 

9 

CJ 

X 

X 

X 

a 

* 

CJ 

W— 

cn 

z 

1 

X 

z 

CJ  X 

4 

PH 

9 

<t 

X 

OP 

CJ 

CJ 

CJ 

* 

X 

X 

CJ 

CJ 

CJ 

CJ 

CJ 

X 

X 

LU 

p 

X 

in 

•f 

O' 

4 

< 

H 

m 

<■ 

PC' 

m 

• 

X 

o 

X 

< 

JO 

CO 

CO 

in 

4 

II 

X 

X 

nO 

rH 

CM 

CM 

cn 

C3 

u 

z 

H- 

X 

X 

CM 

O' 

CM 

* 

CJ 

in 

pH 

pH 

CM 

CM 

< 

3 

p 

in 

cn 

<- 

4 

»— 4 

pH 

pH 

pH 

pH 

pH 

cc 

X 

a 

p 

4 

z 

cc 

X 

a 

Cl 

Q 

p 

a 

o 

4 

X 

O' 

X 

> 

X 

p 

z 

pH 

O' 

O' 

4 

Cjr 

'S’ 

CD 

pH 

o 

in 

>0 

pH 

JO 

JO 

z 

CM 

cn 

in 

4 

JO 

< 

pH 

cn 

in 

<3 

o 

< 

2 

X 

a 

4 

2. 

2 

> 

> 

CO 

3 

h- 

CJ 

4 

o 

u 

< 

<3 

X 

< 

* 

cn 

Z 

JC 

2 

X 

JO 

cc 

4 

• 

< 

CJ 

X 

X 

OP 

ZD 

4 

o 

o 

o 

X 

X 

o 

o 

o 

O 

o 

X 

X 

X 

< 

X 

CJ 

vO 

pH 

4 

X 

in 

vO 

m 

CO 

X 

JO 

PH 

PH 

cc 

CJ 

in 

m 

>3- 

4 

X 

X 

pH 

X 

vO 

<o 

< 

a. 

a. 

<1 

<. 

< 

CM 

pH 

II 

JO 

CM 

pH 

CO 

JO 

JO 

< 

< 

cn 

a 

4 

a 

X 

> 

> 

a 

z 

X 

4 

OP 

CJ 

o 

3 

OP 

pH 

pH 

>T 

* 

o 

>r 

in 

X 

X 

'T 

< 

z 

z 

OP 

PH 

X 

• 

• 

• 

4 

• 

9 

9 

9 

9 

9 

X 

X 

< 

h* 

o 

o 

X 

4 

o 

pH 

>3- 

o 

>0 

X 

JO 

CD 

CD  X 

< 

PH 

pH 

pH 

4 

pH 

pH 

pH 

pH 

X 

cc 

cc 

3 

> 

JO 

4 

JO 

X 

X 

0J 

X 

z 

o 

z 

z 

< 

X 

o 

CO 

pH 

X 

4 

CD 

o 

o 

cn 

oo 

'S’ 

CO 

a 

X 

X 

1- 

X 

o 

cn 

M- 

O' 

4 

o 

Z 

o 

pH 

m 

sO 

o 

'T 

O 

X 

4 

in 

P 

pH 

cn 

X 

pH 

CM 

pH 

H 

4 

CM 

H» 

rH 

pH 

pH 

CM 

ro 

>r 

m 

4 

cn 

< 

4 

1 

X 

4 

a. 

1 

O 

o 

in 

4 

X 

X 

m 

o 

X 

>T 

ao 

in 

t 

• 

• 

4 

1 

X 

• 

9 

9 

9 

9 

9 

JO 

CM 

CM 

X 

4 

X 

H 

in 

in 

cn 

>3- 

pH 

CM 

X 

X 

O' 

o 

4 

X 

J0 

O' 

o 

pH 

CM 

cr 

m 

X 

>0 

o 

X 

4 

— 

n 

vO 

o 

'O 

<3 

o 

4 

JO 

Z 

I 

1 

I 

1 

1 


[ 


[ 


i 


i 


i 


i 


STUDY  ARtA-CH ICCPEE  RIVER  SU8WATERSHED-UPPER  QUABOAG  RIVER 


i 

* 

0 

H 

* 

in  </i 

a 

n Z uj 

—•  * 

1 tx 

UJ  _ 

O'  UJ  0 

0 * 

O'  (J 

IX  u. 

U 2 

0 * 

0 

^ »- 

1—  oi  < 

x * 

1 O' 

CO  > 

< ixj  X 

W * 

CM  '3 

a,  0 

41 

Is-  CO 

♦ ♦ 

* * * * 

* * 

2 

i 

* 

X 

CL 

* 

< 

* 

< 

1 

j 

* 

< 

* 

O X 

QC 

< 

* 

* 

OO 

UJ 

* 

CM  XI 

CM 

X 

; 

41 

O 

HH 

< 

O 

1 

* 

* 

n 

Q. 

* 

n x 

* 

in 

Cl 

1 

* 

X 

a 

a 

* 

* 

1 

n 

n 

co 

in 

>0 

* 

1 

0!  in 

0 

0 

n 

* 

1 

0 

L 

cm  r- 

p- 

O' 

4> 

in  2 

* 

— 

* 

rH 

•> 

• 

• 

4 

• 

• 

t 

* 

rH  r 

•1  • 

• 

• 

• 

* 

•• 

*!  * 

• 

• 

• 

• 

4i 

X 

O 

* 

> 

_l 

* 

2 

r- 

00 

in 

00 

r-  O' 

* 

H 2 

O'  CO 

CM 

r- 

O' 

* 

r-4 

2 

43  rH 

O' 

O' 

CO 

O' 

4i 

< 0 

0 

* 

CL 

UJ 

CO 

* 

1 

— < 

fH 

rH 

C\l  co 

"3 

* 

1 — 

CO  00 

O' 

O' 

O' 

* 

1 

in.  in 

in 

sO 

r- 

r- 

* x 

JB 

1 

* 

0 _J 

2 

* 

CM 

00 

00 

00 

ao 

CO 

00 

* 

CM 

v©  >0 

O 

0 

0 

* 

CM 

0 , <3 

0 

0 

nO 

0 

* 

0 p- 

ac 

* 

1— 

UJ 

•— 

* 

>3 

O 

* 

^ O 

! 

* 

-3 

O 

! 

* 

r. 

O 

* 

* 

ao 

* 

CO 

* 

00 

* 

X 

II 

X 

* 

* 

* 

* 

* 

* 

* 

* 

UJ 

•! 

* 

* 

* 

* 

* 

* 

* 

* 

UJ  • 

* 

4>  * 

* 

* 

* 

* 

* 

X 

• 

* 

* * 

* 

4> 

41 

* 

* 

X 

1- 

* 

* 

O 

I'- 

* 

0 r» 

* 

Q r- 

4> 

2 

>• 

* 

< 

— 

* 

X 

0 

nO 

in 

CO 

-o 

* 

x i 

in  n 

O 

0 

n 

* 

X 

p-  in 

co 

r- 

CM 

in 

* 

X 

r 

X 

cc 

* 

UJ 

u 

H 

CM 

CM 

CM 

co 

*3 

*3 

* 

i- 

CM  CM 

CO 

<3 

»3 

* 

1- 

r- 1‘  X 

CM 

CM 

<3 

* 

co 

Q 

| f 

UJ 

* 

cc 

< 

* 

HH 

ll 

* 

« n 

* 

rH 

II 

4> 

X 

oc 

2 

y- 

* 

< 

<— « 

* 

1— 

* 

X 

* 

X 

# 

O 

1— 

< 

O 

C 

* 

* 

< 

X 

* 

< X 

* 

< 

X 

41 

2 

< 

2 

M 

X 

* 

« 

-J 

X 

00 

O 

O 

H 

CO 

in 

♦ 

X X 

O -3 

CO 

CO 

n 

* 

X 

in  >3 

n 

O' 

4< 

HH 

> 

rH 

cO 

* 

> 

* 

0 

• 

• 

• 

• 

»■ 

• 

41 

0 

• • 

• 

• 

• 

* 

0 

• • 

• 

• 

t 

• 

4i 

O 

< 

ac 

UJ 

X 

* 

UJ 

-J 

* 

2 

*3 

>0 

CO 

0 

in 

r- 

* 

2 

>0  sO 

O' 

>3 

c- 

* 

2 

rH  O' 

r- 

P- 

O 

P- 

* 

X 

O 

0l 

0 

0 

* 

_ 1 

CO 

* 

X; 

r— 4 

rH 

CM 

CO 

<3  >3 

* 

X 

co  co 

CO 

O' 

O' 

41 

X 

in  >3 

in 

'O 

P- 

r- 

4> 

X 

X 

1— > 

* 

UJ 

2 

* 

* 

00 

ao 

00 

00 

co 

00 

41 

os: 

0 0 

0 

vO 

0 

* 

CC 

vO  0 

0 0 

O 

vO 

4i 

0!  X 

X 

X 

* 

«— 

* 

! 

4> 

I 

* 

; 

* 

z 

II 

oc 

* 

* 

41 

1 

* 

4i 

X 

< 

* 

*. 

* 

* 

* 

* 

* 

* 

z 

* 

* 

# 

* 

* 

* 

* 

41 

Z, 

* 

*!  * 

41 

* 

* 

* 

4> 

2 

* 

* * 

* 

* 

* 

* 

4> 

* 

* 

a1 

* 

QO 

I 

4i 

a 

1 

* 

•4 

r 

2 

o 

H ° 

J JO 
►H  O ^ 

u->  - 


o 


* * 


o 


H co  oo  cm  ho  in 

co  cp  in  oo  cm 

x x ro  tn 


a u. 


3 rs  r-  ml  00 

cm  >r  r—  cp  cr 

• • • 4 • 

00000 


* * * * * 


O'  m O'  r-  o 
m in  o n 


in  CC  * 
OUJO- 


O;  O O O O O 
® > IT  m CO  1T\ 
00:  CO  in  CM  O O 


-175- 


vO 

in  in 
I u. 

^ M 

1 <3 
cm  c\J 
p-  ro 

UJ 

o 

zo  n 
x 

— S 

o o 

z 

o u. 


3 3 

(M  co 


o o 


* *j  * * 

ini  >4-  x 

m >f 


1 

irj 


in  00 

3i  3 3 


CO 


000 

3 00  CO 
O'  O'  00 


> 

* 

X 

* 

41 

2 

O 

4> 

* 

2 

O 

O 

* 

4i 

X 

< 

X 

X'  X 

in 

X 

< 

2 

< 

< 

* 

4* 

—1 

4> 

X 

- 

4i 

0 

mi  x 

X 

X 

X 

IE 

* 

* 

in 

X 

in 

00 

CO 

O 

3 

* 

in 

rH 

CO 

HO 

CO 

0 

in 

rH 

in 

HO 

00 

P- 

p- 

* 

! x 

cc 

cc 

X 

* 

2 

4i 

X 

• 

• 

• 

• 

• 

• 

* 

X 

• 

• 

• 

• 

• 

X 

• 

• 

• 

• 

• 

• 

* 

X 

X cc 

zo 

< 

cc 

X 

* 

t— 

HH 

W 

2 

0 

-3 

3 

vO 

CM 

00 

O' 

4< 

2 

0 

3 

3 

in 

ao 

0 

¥ 2 

a 

3 

co 

HO 

CM 

00 

O' 

* 

m 

<;X 

0 

> 

0 

M 

* X 

in 

* 

X 

X 

X 

H 

* 

X 

* X 

X 

X 

X 

4i 

0 

X 2 

X 

cl 

41  O X 

4* 

CC 

> 

* 

CC 

>- 

* ao 

> 

¥ 

X 

a a 

X 

J* 

2 

in 

* < 

cc 

* 

cc 

vO 

CO 

O' 

O' 

O' 

O' 

4i 

cc 

:* 

CO 

CM 

P- 

in 

* cc 

IS 

in 

in 

CM 

00 

CO 

O' 

¥ 

1-  X 

0 

0 

* CC 

i_) 

h- 

4> 

< 

X 

O 

CO 

CO 

H 

3 

CO 

* 

<x 

X 

3 

in 

co 

00 

00 

¥ < 

Q- 

r- 

3 

ao 

CO 

O' 

CM 

¥ 

0 

11 

•'  X 

X 

> 

* 0 

X 

« 

m 

CM 

CM 

3 

00 

X 

CM 

4i 

X 

m 

CM 

CM 

co 

3 

in 

* JC 

in 

X 

X 

CM 

in 

r- 

00 

¥ 

2 

2 0 2!  in 

X 

0 

* 1— 

h— 

4i 

1 

rH 

X 

* 

1 

* 1 

¥ 

< 

0 

0 

O 

2 

♦ in 

< 

U 

* 

a 

2 

4i 

0 

2 

1 

* a 

2 

¥ 

•» 

X 

0 

X 

X 

* 

< 

4i 

< 

>— 1 

* 

< 

X 

1 

4>  < 

X 

¥ 

< 

0 X 

X 

X 

X 

0 

* 

* 

X 

cc 

X 

X 

X 

X 

X 

X 

* 

X 

CC 

X 

X 

X 

X 

X 

41  X 

a 

X 

X 

X 

X 

X 

X 

¥ 

r- 1 

X P- 

< 

X 

CC 

* 

* 

ex 

CL 

* 

X 

CL 

41  C? 

Cl 

¥ 

CC 

in  x 

2 

tn 

X 

41 

* 

3 

p- 

in 

0 

00 

0 

* 

in 

0 

CO 

3 

0 

0 

O 

O 

in 

0 

O 

¥ 

X 

< X 

CC 

0 

2 

* \— 

X 

-r 

* 

m 

CC 

• 

• 

• 

• 

t 

• 

* 

LO 

CC 

• 

• 

• 

• 

• 

* m 

OC 

• 

• 

t 

• 

• 

« 

¥ 

p— 

CD  X 

X 

a 

X 

X 

41  in 

> 

a. 

X 

* 

0 

> 

CM 

CO 

0 

CO 

CM 

in 

4i 

0 

> 

CO 

3 

I-- 

CM 

in 

¥ O 

> 

O'  P- 

in 

in 

3 

n 

¥ 

H 

j 

X 

x 

X 

* X 

X 

> 

l/> 

* 

m 

1 

X 

rH 

CM 

CO 

3 

3 

* 

in 

1 

00 

CO 

CO 

O' 

O' 

* in 

1 

3 

3 

n 

HO 

r- 

r- 

¥ 

cc 

X X 

2 

X 

* CC 

X 

p-;  2 

* 

X 

O 

CO 

00 

00 

00 

CO 

ao 

* 

X 

c 

0 

HO 

HO 

HO 

sO 

41  X 

0 

HO  HO 

HO  HO 

HO 

HO 

¥ 

0 

as:  p- 

' * 

rH 

m 

* 0 

X 

* 

O 

* 

0 

0 

¥ 

<'  X 

• 

* 

+ 

* 

»-H 

4> 

X 

*-4 

¥ 

2 

CC 

> 

O 

X 

* 4< 

4>  * 

* 

* 

* 

4> 

4i 

41 

4> 

* 

4> 

4i 

* 

* 

* 41 

* 

* 

* 

41  * 

4!  4i 

¥ 

4> 

¥ 

4< 

* 

¥ 

X 

in:  x 

CC 

< 

* 

4< 

¥ 

w 

P—  2 

<L 

P- 

• 

2 

! 

+ X 

* 

X 

— 

3 

CM 

0 

CM 

CO 

in 

* 

X 

— 

CM 

in 

CO 

O' 

tn 

* X 

— * 

HO 

in 

n 

O 

in 

in 

¥ 

1/0 

m a 

2 

m 

X 

X 

* h- 

2 

♦ 

< 

X 

• 

• 

• 

t 

• 

• 

* 

< 

CO 

. • 

t 

• 

• 

• 

4i  < 

CD 

« 

• 

• 

• 

• 

t 

¥ 

X 

0 X 

X 

X 

X 

X 

* CL 

p- 

< 

1— 

* 

— T 

vO 

rH 

3 

O' 

0 

CM 

* 

«— 

rH 

HO 

CO 

00 

in 

3 

CM 

CO 

r-H 

CM 

¥ 

a 

x 11 

2 

cc 

cc 

1 

* X 

< 

0 X 

4> 

CO 

CM 

CO 

3 

MJ 

O 

* 

3 

co 

CO 

3 

3 

* HO 

CM 

CO 

3 

tn 

in 

¥ 

X 

X 

<L 

X 

CC 

* a 

4< 

0 

> 

4i 

X 

> 

♦ O 

> 

¥ 

• 

CO 

-J 

X 

X 

a 

* 

* 

I'- 

P— 

* 

I'- 

X 

* in 

►- 

¥ 

I/O 

2 | 

X 

2 

X 

X 

* 

* 

M 

¥ 

M 

P-4 

¥ 

• 

< X 

CC 

* 'T 

4< 

X 

X 

X 

X 

X 

X 

¥ 

X 

X 

X 

X 

X 

-J 

X 

X 

X 

X 

X 

¥ 

0 

ix 

CL 

X 

X 

X 

* X 

X 

— 

* 

< 

P- 

in 

3 

HO 

3 

¥ 

< 

vC 

in 

CM 

CM 

< 

X 

3 

3 

O' 

CM 

¥ 

t 

X 0 

X 

< 

in 

4i 

cc 

X 

¥ 

ll 

X 

X 

p- 

O' 

3 

in 

¥ 

ll 

X 

3 

3 

HO 

00 

* 11 

X 

CO 

O' 

rH 

CM 

HO 

¥ 

I/O 

XX 

2 

p- 

X 

X 

* O 

X 

< 

— 

* 

c? 

O 

in 

CM 

CO 

CM 

¥ 

0 

O 

HO 

CM 

0 

O 

X 

1^ 

rH 

in 

3 

4i 

< 

O 

1- 

4i  O 

1 n 

* 

— 

m 

ro 

CO 

m 

co 

¥ 

P-H 

CM 

c-H 

p-H 

xH 

¥ — 

CM 

CM 

CM 

CM 

4i 

rH 

CC  X 

a 

X 

O <\J 
in  no 


o 01 


>3-  x 

in  >0 


ro  tnj 
in  in 


o o 
x m 
p—  ho 


< — 
JJ  l_0 
QC  < 

<X  ; X 

- zj- 

co  a 1 
o uj  o'  — 
o a <| 


UJ 

o 

< 

oc 

o 


— o 


o 


ip  x p-  o 

x m co  .$• 


00000 

1 O'  o cm  O'  in 
ro  ro  in  x x 
iin  cm  x x x 


ho  in  ro  cm  ho 

• • • # • 

x 3 o ho  p- 


o co  n h o 
O 00  vO  'T  IM 
X CM.HO  O 


X 3 
O X 

co  00 


O'  o 
CM  3 

00  00 


2 0C 


<1 

-I 

<, 

ac 

x 

CO 


co 


UJ 


co 


o o 

n cm 

3 HO 
CM  X 


p-  o 


O O' 

o r- 


n o 
r-  co 
ho  no 


r-  n 
cm  ro 


o o 

CM  O'  \ 


CO  X 

ro  co 
co  3 


O'  in 

• • 

r-  cm 

CO  O' 
HO  sO 


CO 

co  co 
I li- 
en o 

H 

1 O 
CM  CO 
P-  CM 

1X1 

O 

O tl 

I— 

X 3 

o o 

2 -J 

o a. 


* rj  n cm  cm 

* cm  coj  n ho 

* • * 


OOOO 


*»'**:** 

no  p—  cm)  cm  co 
coj  cm  m|  x o' 


Ifti  H O'!  O O' 
co:  co  co,  n n 


Oi 


00000 

x CM  HO  co  O' 
cO  vO  x!  O O' 


UJ 

; 2 co 
i o uj 
2 co 
o 
i 11  a 
1 z ac 
1 zo| 
i •*  CL 
CO 
> 2 
| < O 
< IS  CO 


O 

• < 

< cc 


a 


2 

UJ 

2: 

a 

0 
—1 

1 uj 
> 
I uj 


■ 2 

;o 


2.  a:' 

UJ; 
C3  I— 
m < 
3 
O' 

p-  2 

• < 

o UJ 

QC 
h- 
II  CO 
< 
u 


eo 


p—4  p—4 

0 0 

HO  3 

x >r 

CM  X 

0 

in  >r 

• 

• • 

0 

cm  in 

0 

O'  00 

O CM 

X CM 

p- 

in  in 

• 

• • 

in 

3 CM 

CM 

3 in 

HO 

ho  no 

00  HO  X 

cm  cn 


o o 

O'  X 


x p- 
• • 

X HO 


>0  3 
HO  O 
'3  r- 


CO  X 

o p- 

sO  no 


* p- 

* O' 

Sr- 

* ;z 

* 'O 

* : 

*;o 

* iLU 

*,cn 

* < 

* CQ 

* ! 

* .UJ 

* !Q0 

* 

¥ 

CO 

o 

t_> 


O Q- 
x > 
co  h- 

! 

>-  > 

<;< 
2 j 


>-  > 
00 
2 2 

UJIUJ 

00 

cc  a: 

UJ  UJ 

2.  2 


O 


2i 

o' 


> CO 
UJ  2 
_J  O 
UJ  0 


176 


* 

* 

* a in 

* LU  _J  O' 

* Uo  uj 

* < 44  l- 

* 03  > < 

* 

* * * * 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

o — * 

-I  o >-  * 

-I  -J  O l_3  * 

►1  O H * 


2:  UJ 
uj  o 
u z 
x < 
uj  X 

CL  O 

* * 


*;  * 


O' 

UO  03 
I LL 

r-  o 

0 

1 o 
IN  ro 
H CM 

UJ 

Q 

X tl 
H- 

— X 


* 44  r->  O'  O no 

* <M  ro  ir\  Is-  *» 

*| 

* OOOOO 

* 

****** 

HvO  f^i  O <}■  as 

r>j  h m n h m 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*!  *-• 


T 

ro 

? 

CM 

r- 

IU 

§ 


* H H 

* in  M" 

* • * 

• OO 

* 

* * * * 

00  >0  CO 
•— » <— < <N 


in  >-4 

o CO 


o o 


* 

* 

u. 

> H 

* 

0 0 

* 

O O 

00 

* 

* 

* 

z 

-J 

* 

z 

_j 

> 

z 

0 

* 

* 

* 

a 

u 

* 

0 

u 

< 

0 

z 

* 

* 

1— 

* 

_j 

r0|  O 

CO 

O' 

0- 

0 

* 

— 1 

^4 

0 

>o 

O M- 

t 

to 

< 

* 

* 

O 

b~ 

* 

X 

CM  CM 

CM 

ro 

>r 

in 

* 

X 

CM  CM 

CM 

ro 

— 1 

*— 1 

* 

* 

X 

u 

* 

< 

i 

* 

< 

: 

a 

ex 

• 

* 

< 

* 

* 

*—4 

Ul 

* 

co 

Ul 

0 

1-4 

< 

>- 

*; 

a 

* 

* 

ro 

CL 

* 

in 

Q. 

, 

CL 

CL 

a. 

— 1 

*: 

* 

* 

1 

CO;  ro 

CM 

r- 

0- 

CM 

* 

1 

ro 

ro 

in 

^■4 

l/J 

X 

z 

ex 

* 

* 

* 

CM 

•> 

»,  t 

• 

• 

• 

• 

* 

0- 

t« 

• 

• 

• 

• 

♦ 

-1 

a 0 

Ul 

*; 

* 

> 

-J 

* 

f- 1 

z 

r-  in 

ro 

ro 

H 

in 

* 

Z 

O 

O' 

>3- 

O' 

CO 

< 

O O 

> 

*| 

* 

CL 

UJ 

CO 

* 

1 

—4 

cm'  cm 

ro 

>3- 

in 

in 

* 

1 

— 

O 

O' 

O 

0 ^4 

1— 1 

z 

00 

44 

* 

* 

O 

-1 

X 

* 

CM 

43  cO 

O 

4> 

43 

0 

* 

CM 

O' 

00 

O' 

O' 

0*1 

a 

I'- 

X 

t- 

(X 

* ! 

* 

H 

Ul 

w 

* 

*3- 

O 

1 

* 

'T 

O 

0 

z 

* 

* 

r- 

j 

* 

00 

UL 

ll 

u 

UJ 

0 

*' 

* 

* 

* 

* 

* * 

* 

* 

LU 

• * 

* * 

* 

* 

* 

* 

* 

Ul 

• * 

* 

* 

* 

* 

* * 

UJ 

h- 

X 

< 

* 

* 

0 

r- 

* 

a r- 

z 

> 

CL 

0 

* 

* 

< 

44k, 

* 

3 

in'  ro 

CM 

CM 

ro 

O' 

* 

3 

CM 

l—l 

m 

O' 

co 

Ul 

« 

— 1 

O 

CO 

* . 

cc 

* 

UJ 

a 

* 

H 

CM  CM 

ro 

>3- 

m 

in 

* 

m 

in 

co 

M- 

CO 

0 

1—4 

— J 

< 

* , 

Ul 

* 

ex 

< 

* 

44 

11 

j 

* 

II 

^4 

Ul 

X 

Ul 

3 

* | 

z 

l— 

* 

< 

»■» 

* 

1— 

■ 

* 

H— 

0 

1— 

< 

> 

C?  *]  O < * 


* < LL 


* < u. 


*1 

*— * 

Z 

* 

1 

* 

-J  u 

ao,  r*- 

(M 

<M 

0 

M- 

* 

-j 

u 

CO 

in 

>r 

43 

O' 

<— 1 

> 

»— ( 

00 

ex 

* 

00 

* 

> — 

* 

0 

t!  t 

t 

• 

• 

• 

* 

0 

• 

• 

t 

• 

•: 

0 

< 

X 

UJ 

Ul 

* 

Ul 

X 

• 

UJ  -J 

* 

z 

M";  ro 

i—J 

i—4 

O' 

CM 

* 

z 

r- 

CM 

43 

O 

3 

u 

CL 

1— . 

Q. 

* 

Q 

0 

* 

_l  00 

* 

3 

r\j  (M 

ro 

>3- 

*3’ 

in 

* 

3 

O' 

O' 

O 

O 

r4! 

-J 

X 

1—4 

CL 

* 

—4 

* 

Ul  : X 

* 

ac 

Oi  >0 

0 

43 

43 

* 

(X 

co 

co 

O' 

O' 

O' 

O 

UJ 

Ul 

00 

3 

*1 

X 

* 

: — 

* 

* 

1 

Z 

II 

ex 

1 

*1 

* 

* 

* 

1— < 

Ul 

< 

ex 

a 

* ' 

* 

* 

* 

* 

* * * 

* 

x * 

*;  * 

* 

* 

* 

* 

* 

X * 

* 

* 

* 

* 

* * 

•— 1 

UJ 

* 

* 

* 

ex 

* 

0 

X 

1 

•k 

z 

0 

X 

*1 

* 

»-i 

* 

O 

0!  0 

0 

O 

O 

0 

* 

a 

0 

0 

0 

0 

O 

0 

Ul 

CL 

z 

> 

00 

*' 

* 

I— 

u,  — 

* 

H 

01  -4 

M- 

CO 

CM 

H 

* 

a 

H 

O' 

0 

00 

O' 

a 

O O 

:X 

ex 

*1 

* 

00 

ex  4* 

* 

00 

O'  -4 

0- 

in 

in 

in 

♦ 

00 

co 

H 

M- 

ro 

t < 

X 

X 

UJ 

00 

UJ 

a: 


< 

UJ 

x 

t-: 

00; 

3 


UJ  * 

H—  *! 


QlilU-* 
O CL  < * 

* 
* 
* 


-4  in  00  —>  eg  cm 


* : U. 
*jX  Z 

*!  a o 

* o — 

x 


Si 

J 

£i 


< 

u 

>! 

SI 

X 

SI 


X 
: > 


-J 

* 

z 

* 

UJ 

• 

t 

• 

• 

• 

t 

* 

CO 

Ul 

-J 

* 

H 

— 

* 

z 

0 

<r 

ro 

f- 

43 

M- 

00 

* 

O 

1-4 

* 

UJ 

00 

* 

Ul 

r-4 

CM 

CM 

* 

I 

X 

* 

0 

Ul 

* 

X 

>• 

* 

H— 

> 

00 

* 

< 

X 

* 

X 

z 

r- 

ro 

00 

in 

—4 

ro 

* 

CC 

z 

* 

X 

l_) 

0- 

* 

<! 

X 

r- 

in 

ro 

co 

ro 

0 

* 

0 

X 

> 

* 

0 

u 

* 

Z 

O0 

4-4 

— j 

ro 

43 

O 

CM 

* 

z 

03 

0 

* 

H 

h- 

* 

| 

—4 

i-4 

* 

1 

2 

* 

00 

< 

a 

* 

a 

z 

* 

a 

z 

UJ 

* 

< 

* 

< 

—4 

* 

< 

k4 

a 

* 

* 

3 

X 

UJ 

Ul 

UJ 

Ul 

Ul 

UJ 

* 

a 

cc 

X 

* 

* 

0 

X 

* 

a 

X 

UJ 

* 

* 

M- 

ro 

CO 

co 

uo 

0 

* 

X 

* 

1— 

Ul 

«— 

* 

00 

X 

• 

• 

• 

• 

• 

* 

* 

00 

cc 

Ul 

* 

00 

> 

CL 

* 0 

> 

CM 

—4 

00 

CO 

43 

0 

* 

a 

> 

* 

UJ 

Ul 

> 

00 

* 

00 

1 

CM 

CM 

CM 

ro 

M- 

in 

* 

00 

1 

* 

X 

_ J 

H 

X 

* 

3 

0 

43 

43 

43 

43 

43 

43 

* 

X 

0 

* 

0 UJ 

— 

* 

0 

* 

0 

* 

+ 

* 

^4 

* 

—4 

* * 

* 

* 

* 

* 

* 

* 

* * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

X 

* 

0 

— k 

ro 

r— 

CM 

CM 

O 

UO 

* 

0 

— 

* 

H 

X 

— 

* 

< 

CO 

• 

• 

• 

• 

t 

• 

* 

< 

CO 

* 

X 

u 

< 

i— 

* 

k— 

ro 

ro 

—4 

4-4 

O' 

CM 

* 

— > 

* 

Ul 

< 

u 

u 

* 

<M 

h4 

CM 

ro 

ro 

>T 

* 

0 

* 

0 

— » 

* 

> 

* 

r- 

>- 

* 

* 

Ul 

1- 

* 

in 

I— 

* 

* 

1—4 

* 

—4 

* 

* 

cj 

e_> 

0 

C_J 

e_; 

* 

-J 

* 

h- 

u 

* 

< 

•J- 

—4 

43 

O 

r- 

* 

< 

* 

OD 

X 

a 

* 

« 

3 

CM 

<r 

43 

43 

<_> 

* 

II 

a 

* 

O 

3 

< 

«— 

* 

O 

O 

O' 

O 

4—1 

CM 

* 

c j r 

* 

O 

00 

* 

1— 1 

4—4 

—4 

1—4 

* 

— 1 

* 

* 

X 

X 

* 

X 

X 

* 

* 

UJ 

* 

UJ 

* 

< 

— ■ 

* 

<3  1- 

ro 

43 

e'- 

43 

1-4 

* 

CJ 

y~ 

* 

Ul 

O 

* 

00 

< 

—4 

CM 

en 

<r 

UO 

* 

00 

< 

* 

X 

< 

♦ 

z 

* 

z 

-1 

* 

< 

w 

* 

0 

* 

O' 

0 

* 

* 

00 

X 

* 

CO 

X 

0 

* 

* 

• 

< 

* 

t 

< 

CL 

* 

H 

* 

0 

Ul 

0 

O 

0 

0 

0 

* 

O 

UJ 

* 

1— 

U 

— 

* 

X 

—4 

in 

CO 

O' 

r- 

* 

X 

-I 

* 

00 

X 

* 

►“ 

r- 

O' 

43 

uo 

in 

* 

1— 

< 

* 

0 

UJ 

O 

— 

* 

11 

00 

1—4 

* 

II 

03 

— 

* 

a 

X 

< 

* 

< 

* 

< 

O 

* 

* 

a 

* 

a 

k— < 

* 

* 

* 

u 

* 

* 

0 

ro 

f-4 

0- 

CM 

0 

* 

Ul 

w 

z 

* 

• 

• 

• 

• 

• 

• 

* 

z 

* 

Ul 

4—1 

* 

— 

0 

CM 

43 

ro 

-4 

uo 

* 

UJ 

* 

0 

* 

ro 

1-4 

CM 

CM 

* 

CM 

23 

* 

< 

* 

* 

w 

* 

X 

* 

* 

* 

0 

1— 

* 

O 

O 

O 

1— i 

ro 

43 

* 

a 

* 

y- 

u 

* 

'7 

z 

O 

43 

00 

O 

43 

* 

uo 

z 

* 

00 

* 

in 

— 

r4 

CM 

in 

O' 

O 

* 

uo 

1-4 

* 

l_) 

* 

■N 

y- 

* 

Ml 

h- 

* 

< 

* 

ro 

< 

* 

no 

< 

* 

* 

1 

X 

* 

1 

X 

* 

* 

X 

* 

X 

* 

— k 

* 

a 

UJ 

ro 

00 

ro 

ro 

O 

uo 

* 

0 

Ul 

* 

> 

-J 

* 

1 

H 

t 

t 

• 

• 

t 

t 

* 

1 

H- 

* 

UJ 

00 

* 

UJ 

M 

00 

00 

43 

43 

'T 

r- 

* 

UJ 

44 

* 

-J 

X 

* 

I— 

00 

0 

^4 

CM 

ro 

M- 

>?• 

* 

f- 

03 

* 

UJ 

>=« 

* 

— 

43 

43 

4> 

43 

43 

43 

* 

— 

* 

* 

00 

* 

03 

•— 1 CO  O 

» » • 

vT  no  O' 


h O 00 
O'  CO  (Nj 

H,  p- 1 


in  in  o 
O'  O'  o 
00  CO  O' 


* * * * 

— - co  43  43 


— cm  ro  co 


1 

o o 
o i*» 

sT  CD 

1 00  in 


m >3"  r-C 

cm  in 


o o 

O 43 

o o 

(M  1-4 


o O' 


O r4 

o co 

<-i  CM 


cm  r- 
0>  O' 
CC  CO 


* * * 


>0  >r 
e'- 


er >d- 

• t. 

CO  CM 

—4  ro 

in  43  j 
O'  ro 
00  in 


* *\ 

* • 

in  o 
o -4 

O'  O', 


* * j * 

O'  O'! 


ro  00 
cm  CM; 


u u 

-4  M 
O'  43 1 
M-  'J-l 


XI  COj 
X)  cm! 


o o 
r >— 1 

43  m 


ro  in 
1-1  CM 


ro  r- 
>T  co 

sO  *—4 


O'  O' 

t t 

cm  r* 
o o 

O'  O' 


CO 

o 

UJ  • I— 

z uo 

O UJ  u 

ZWO 

o z 
h a 

Z 0C  UJ 
3 CX 

* a < 


< ex 
t-  o 

< h- 

a 


03 


CO  co 


• <1 
• UJ 

o o 
< 
-4  (X 

- o 


X UJ 


z 

UJ 


z 

: O 

CO  44 

b“ 

10  < 

UJ  •—< 

ex!  cc 

3 < 
O > 

M 

U.  3 

la 

• : X 

z co 

o| 

-a 

1—  t- 

<1 
x U- 

(XjO 

a a 
±'<u- 


>- 
x 

<t 

CO 
UJ 
(X 

<, 

UJ 

ex 
a. 

2 
O 


co  >3- 


! 3 
i CJT 

I a 
< 

I a 
: z 
i < 


i CC 

o 


co  a 
z UJ 
a x 

1—1  UJ 
I-  o 

< >-4 

> 10 
UJ  z 
_i  a 
uj  u 


o 
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Source-USGS  Quad.  Sheets 

East  Brookfield -1954 

Leicester-1954 

North  Brookfield-1967 

Palmer- 1954 

Paxton- 1965 

Wore -1954 

Worren- 1954 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 


Subwatershed  CP- 33,  Lower  Quaboag  River 


This  subwatershed  covers  42,100  acres  in  the  Towns  of  Brimfield,  Monson, 
Palmer  and  Wales  (Hampden  County)  and  Warren  (Worcester  County).  There  is 
a U.S.  Geological  Survey  stream  gaging  station  on  the  Quaboag  River  in  west 
Brimfield. 


The  Quaboag  River  flows  southerly,  then  westerly  through  Warren,  Brimfield, 
Palmer  and  Monson.  The  major  tributary  is  Chicopee  Brook  which  originates 
in  Monson  and  flows  northerly  to  the  confluence.  Elevations  range  from  a 

high  of  about  1260  in  Wales  to  a low  of  about  310  in  Palmer.  Geology  of  the 

subwatershed  is  characterized  as  schist,  granitic  or  gneiss  bedrock  overlain 
by  10  to  50  feet  of  outwash  sand  and  gravel,  englacial  drift  or  glacial  till. 

Thirty  potential  reservoir  sites  and  six  existing  reservoir  sites  were 

studied. 


Vo'r  VoWoVvVVfVr/wV/V's'oV'vV/VVc/VVc 


SITE  CP-3301 


Location:  In  a wetland  area  about  400  feet  north  of  Rondeau  Street  in 

Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°12'40"  Longitude:  72°16'47" 


Facilities  None  below  elevation  665. 
Affected : 


Geologic  Both  abutments  are  thin  discontinuous  deposits  of  englacial 

Conditions:  drift.  There  are  rock  outcrops  on  both  abutments.  Depth  to 

bedrock  in  the  foundation  is  estimated  to  be  from  5 to  10  feet. 
Waterholding  capabilities  appear  to  be  good.  Pervious  borrow 
material  for  dam  construction  was  located  near  the  site;  imper- 
vious material  was  not  located. 


Engineering  The  right  abutment  is  recommended  for  the  emergency  spillway 
Notes:  location. 


-178- 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3302 

On  Kings  Brook  about  2500  feet  upstream  from  Warren  Street  in 
Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°11,48"  Longitude:  72°17'05" 

Facility  Elevation 

Rondeau  Road  638 

Utility  poles  638 

Both  abutments  are  outwash  sand  and  gravel  with  seme  thin 
englacial  drift.  Depth  to  bedrock  in  the  foundation  is  esti- 
mated to  be  from  15  to  20  feet.  Waterholding  capabilities 
appear  to  be  poor.  Leakage  is  expected  through  both  abutments. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3303 


On  Tufts  Brook  about  500  feet  upstream  from  the  Massachusetts 
Turnpike  in  Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°10’52"  Longitude:  72°14'13" 

Facility  Elevation 

Reed  Street  680 

Utility  poles  680 

Both  abutments  are  outwash  sand  and  gravel  and  may  be  shallow 
to  bedrock.  Depth  to  bedrock  in  the  foundation  is  estimated  to 
be  from  20  to  25  feet.  Waterholding  capabilities  appear  to  be 
poor.  Leakage  is  expected  through  both  abutments.  Pervious 
borrow  material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located  . 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3304 

Location: 

On  an  unnamed  brook  about  450  feet  east  of  Keyes  Road  in 
Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°10’51M  Longitude:  72°10'46" 

Facilities 

Affected: 

None  below  elevation  935. 

Geologic 
Conditions : 

Both  abutments  are  thin  englacial  drift  with  granitic  bedrock 
outcropping  at  the  toe  of  the  right  abutment.  Depth  to  bed- 
rock in  the  foundation  is  estimated  to  be  from  5 to  10  feet. 
Waterholding  capabilities  appear  to  be  good.  Borrow  material 
for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  There  is  a rock-fill  dam  at  the  site. 

VoVVcVcVfVfVrjWfVoWc^VVoWfVoWcVfVrVcycVfVoWcVfVfVoWoVVoWf 

SITE  CP-3305 

Location: 

On  an  unnamed  stream  about  2400  feet  downstream  from  the 
Massachusetts  Turnpike  entrance  road  in  Palmer,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°10,13"  Longitude:  72°20'18" 

Facilities 

Affected: 

None  below  elevation  405. 

Geologic 

Conditions: 

The  left  abutment  is  outwash  sand  and  gravel.  The  right 
abutment  is  thin  discontinuous  glacial  till  with  road  waste- 
fill  on  part  of  the  abutment.  Depth  to  bedrock  in  the  founda- 
tion is  estimated  to  be  from  10  to  20  feet.  Waterholding 
capabilities  appear  to  be  fair.  Leakage  is  expected  through 
the  left  abutment.  Pervious  borrow  material  for  dam  construc- 
tion was  located  near  the  site;  impervious  material  was  not 
located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 
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SITE  CP-3306 

Location: 

On  Kings  Brook  about  1800  feet  upstream  from  the  Massachusetts 
Turnpike  in  Palmer,  Mass. 

* :i”uie  ^ r TT 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°10'14"  Longitude:  72016'36" 

Facilities 

Affected: 

None  below  elevation  555. 

Geologic 
Conditions : 

Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  35  to  45  feet.  Water- 
holding capabilities  appear  to  be  poor.  Leakage  is  expected 
through  both  abutments.  Pervious  borrow  material  for  dam  con- 
struction was  located  near  the  site;  impervious  material  was 
not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  There  is  a small  breached  dam  at  the  site. 

SITE  CP-3308 

Location: 

On  Taylor  Brook  about  3400  feet  downstream  from  Brimfield  Road 
(Route  19)  in  Warren,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°10,01"  Longitude:  72°12'06" 

Facilities 

Affected: 

Facility  Elevation 

Two  houses  865 

Garage,  dairy  plant  860 

Two  houses  855 

Garage  850 

Dairy  barn  848 

Route  19  848 

Utility  poles  848 

Garage  845 

Geologic 
Condi  (H-Orte: 

The  right  abutment  is  glacial  till;  probably  shallow  to  bed- 
rock. The  left  abutment  is  poorly  graded  fine  sand  and  gravel 
outwash.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  40  to  50  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  the  left  abutment.  Borrow  material 
for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 

location. 

* 
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SITE  CP-3309 

Location: 

On  Taylor  Brook  about  250  feet  upstream  of  Warren  Road  (Route 
19)  in  Brimfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°09,39"  Longitude:  72°12,36" 

Facilities 

Affected: 

Facility  Elevation 

High  tension  lines  890 

Brimfield  Road  888 

Warren  Road  885 

Utility  poles  885 

Geologic 
Conditions : 

Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  10  to  15  feet.  Water 
holding  capabilities  appear  to  be  poor.  Leakage  is  expected 
through  both  abutments.  Pervious  borrow  material  for  dam 
construction  was  located  near  the  site;  impervious  material 
was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3310 

Location: 

On  Taylor  Brook  about  50  feet  upstream  from  Brimfield  Road  in 
Brimfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°09'24"  Longitude:  72°13'01" 

Facilities 

Affected: 

Facility  Elevation 

Brimfield  Road  all 

Geologic 
Conditions : 

Both  abutments  are  outwash  fine  sand  with  some  gravel.  Depth 
to  bedrock  in  the  foundation  is  estimated  to  be  from  25  to  30 
feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments.  Pervious  material  for  dam 
construction  was  located  near  the  site;  impervious  material 
was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

*VoWfVfVoVVoWoV*VfVoV*Vo’oVVoVVr>VVf*'5Wf*V*WfVr5V,;V')WoV 


-182- 


SITE  CP-3311 

Location: 

On  Penny  Brook  about  2000  feet  downstream  from  John  Hales  Road 
in  Brimfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°09,40"  Longitude:  72°15'00" 

Facilities 

Affected: 

Facility  Elevation 

House,  swimming  pool  675 

House,  garage  665 

John  Hales  Road  663 

Utility  poles  663 

Geologic 
Conditions : 

The  right  abutment  is  thin  discontinuous  englacial  drift  under- 
lain by  granitic  bedrock.  The  right  abutment  is  granitic  bed- 
rock at  the  toe  with  outwash  gravel  high  on  the  slope.  Bedrock 
outcrops  are  moderately  fractured.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  less  than  5 feet.  Waterholding 
capabilities  appear  to  be  good.  There  may  be  leakage  through 
the  gravel  on  the  right  abutment.  Borrow  material  for  dam 
construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3312 

Location: 

On  Bottle  Brook  about  400  feet  upstream  from  Dunhamp town- Palmer 
Road  in  Brimfield,  Mass. 

Warren,  Mass,  USGS  quadrangle 

Latitude:  42o09'10"  Longitude:  72°14'50" 

Facilities 

Affected: 

Facility  Elevation 

Dunhamp  town'-1  Pa  lmer  'Rosd  710 

Utility  poles  710 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  and  probably  shallow  to  schist 
bedrock.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  5 to  10  feet.  Waterholding  capabilities  appear  to  be  good. 
Borrow  material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3314 

Location: 

On  an  unnamed  brook  about  600  feet  downstream  from  Old  Reed 
Road  in  Palmer,  Mass, 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°07,49"  Longitude:  72°16'32H 

Facilities 

Affected: 

Facility  Elevation 

Summer  cottage  540 

Old  Reed  Road  535  "/ 

Utility  poles  535 

Geologic 

Conditions: 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  10  to  15  feet.  Waterholding 
capabilities  appear  to  be  good.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

VfVoVVfVfVcVrVfVoWoV'sWoVVoVVfVfVoVVo’oVVfVoVVoV'sWrsVVfVf'sVVf 

SITE  CP-3315 

Location: 

On  an  unnamed  brook  about  300  feet  upstream  from  St.  Clare 
Road  in  Brimfield,  Mass. 

Warren,  Mass.  USGS  quadrangle 

Latitude:  42°07'52"  Longitude:  72°14'37" 

Facilities 

Affected: 

Facility  Elevation 

DunhamptownA Brimfield  RoAd  835 

Utility  poles  835 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  and  are  probably  shallow  to 
bedrock.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  15  to  20  feet.  Waterholding  capabilities  appear  to  be 
good.  Borrow  material  for  dam  construction  was  located  near  the 
site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3316 

Location: 

On  Foskett  Mill  Stream  about  200  feet  upstream  from  Monson  Road 
in  Brimfield,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42o07'04"  Longitude:  72°15'30" 

Facilities 

Affected: 

Facility  Elevation 

House  550 

Two  houses  540 

House  530 

Sutcliff  Road  515 

Utility  poles  500 

Geologic 
Conditions : 

Both  abutments  are  ice  contact  sand  and  gravel.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  25  to  30  feet.  Water- 
holding capabilities  appear  to  be  poor.  Leakage  is  expected  through 
both  abutments  and  the  foundation.  Pervious  borrow  material  for  dam 
construction  was  located  near  the  site;  impervious  material  was  not 
located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 

Public 
Ownership : 

The  southern  edge  of  the  pool  would  extend  into  the  Brimfield  State 
Forest . 

SITE  CP-3317 

Location: 

On  an  unnamed  brook  about  2400  feet  upstream  from  Margaret  Street 
in  Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°06'48"  Longitude:  72°19'51" 

Facilities 

Affected 

Facility  Elevation 

House  575 

House,  swimming  pool  570 

Two  houses  570 

House  565 

Upper  Palmer  Road  565 

Geologic 
Conditions : 

Both  abutments  are  glacial  till.  Depth  to  bedrock  in  the  foundation 
is  estimated  to  be  from  25  to  30  feet.  Waterholding  capabilities 
appear  to  be  good.  Borrow  material  for  dam  construction  was  located 
near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3318 


Location: 

On  an  unnamed  brook  about  450  feet  upstream  from  Wilbraham 
Road  in  Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°06'24"  Longitude:  72°20,10M 

Facilities 

Affected: 

None  below  elevation  665. 

fk 

Geologic 
Conditions : 

The  right  abutment  is  glacial  till.  The  left  abutment  is  out- 
wash  sand  and  gravel.  Depth  to  bedrock  in  the  foundation  is 
estimated  to  be  from  20  to  25  feet.  Waterholding  capabilities 
appear  to  be  poor.  Leakage  is  expected  through  the  left  abut- 
ment, Borrow  material  for  dam  construction’ was  located  near 
the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3319 

Location: 

On  Foskett  Mill  Stream  about  800  feet  downstream  from  the  Monson 
Brimfield  town  line  in  Brimfield,  Mass;  at  Dean  Pond. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°06'03"  Longitude:  72°16'07" 

Facilities 

Affected: 

Facility  Elevation 

Boat  house  670 

Locker  room  building  670 

Picnic  area  670 

Sutcliff  Road  650 

Utility  poles  650 

Geologic 
Conditions : 

The  left  abutment,  an  esker,  is  pervious  sand  and  gravel.  The 
right  abutment  is  ice  contact  sand  and  gravel  at  the  toe  with 
glacial  till  high  on  the  slope.  Bedrock  outcrops  in  the  founda- 
tion, Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  the  abutments.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Dean  Pond,  operated  by  the  Department  of  Natural 
Resources,  is  located  at  the  site.  Waterholding  capabilities 
above  the  level  of  Dean  Pond  appear  to  be  poor. 

Public 
Ownership : 

The  entire  site  is  located  within  the  Brimfield  State  Forest. 

SITE  CP-3320 


Location: 


Facilities ' 
Affected : 

Geologic 
Conditions : 


Engineering 
Notes : 

Public 
Ownership : 


Location: 


Facilities 
Affected : 

Geologic 

Conditions: 


Engineering 
Notes : 


On  an  unnamed  brook  about  1900  feet  downstream  from  Woodman  Pond 
in  Brimfield,  Mass. 

Wales,  Mass.  USGS  quadrangle 

Latitude:  42°05,59"  Longitude:  72°14'54" 

Facility  Elevation 

Dearth  Hill  Road  975 

Both  abutments  are  glacial  till  and  probably  shallow  to  bedrock. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  10  to 
15  feet.  Waterholding  capabilities  appear  to  be  good.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

The  entire  site  is  located  within  the  Brimfield  State  Forest. 
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SITE  CP-3321 

On  Foskett  Mill  Stream  about  1300  feet  upstream  from  Dean  Pond  in 
Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°05,42"  Longitude:  72°16'35" 

None  below  elevation  720. 


Both  abutments  are  glaciall  till  with  a gravel  bar  in  the  foundation 
area.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  20 
to  25  feet.  Waterholding  capabilities  appear  to  be  fair.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  might  be  improved  by  a cutoff 
through  the  gravel  bar  in  the  foundation. 

The  dam  site  is  located  within  the  Brimfield  State  Forest. 


Public 
Ownership : 
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SITE  CP-3322 

Location: 

On  an  unnamed  brook  about  200  feet  upstream  from  Woodman  Pond 
in  Brimfield,  Mass. 

Wales,  Mass.  USGS  quadrangle 

Latitude:  42°05'33M  Longitude:  72Q14'57M 

Facilities 

Affected: 

None  below  elevation  1005. 

Geologic 
Conditions : 

The  right  abutment  is  glacial  till.  The  left  abutment  is  out- 
wash  sand  and  gravel.  Depth  to  bedrock  in  the  foundation  is 
estimated  to  be  from  5 to  10  feet.  Waterholding  capabilities 
appear  to  be  fair.  Leakage  is  expected  through  the  left  abut- 
ment. Borrow  material  for  dam  construction  was  located  near 
the  site. 

Engineering 
Notes : 

The  site  will  require  a dike  west  of  the  main  dam.  The  right 
abutment  of  the  dike  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

The  dike,  part  of  the  dam,  and  a small  area  of  the  reservoir  would 
be  in  the  Brimfield  State  Forest. 
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SITE  CP-3323 

Location: 

On  an  unnamed  stream  about  1000  feet  upstream  from  Bumstead 
Road  in  Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Facilities 

Affected: 

Latitude:  42°04'30"  Longitude:  72°19'46" 

Facility  Elevation 

House  645 

Geologic 
Conditions : 

Both  abutments  are  sand  and  gravel.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  30  to  35  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through 
both  abutments. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3324 


On  an  unnamed  brook  about  1300  feet  downstream  from  Bumstead 
Road  in  Monson,  Mass. 


Monson,  Mass.  USGS  quadrangle 


Latitude:  42°04,13M 

Facility 

House 

Barn 

Pond 

Six  Houses 
Three  houses 
Trailer 
House 

Bumstead  Road 
Utility  poles 
Gas  line 
Horse  barn 
Brogan  Road 
Utility  poles 
Shed 

Calkins  Pond 


Longitude:  72°19'28M 

Elevation 

630 

625 

625 

620 

615 

612 

610 

608 

608 

608 

607 

607 

607 

605 

605 


Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  40  to  50  feet.  Water- 
holding capabilities  appear  to  be  poor.  Leakage  is  expected 
through  both  abutments  and  the  foundation.  Pervious  borrow 
material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 
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Location: 


Facilities 
Affected : 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3325 

On  Chicopee  Brook  about  3500  feet  upstream  from  Route  32  in  Monson, 
Mass . 


Monson,  Mass.  USGS  quadrangle 

Latitude:  42°04'06"  Longitude:  72°18'52" 


Facility  Elevation 

Two  houses  497 

Route  32  497 

House  and  trailer  495 

Trailer  490 

Monson  Sand  and  Gravel  Plant  490 


Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  40  to  50  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through  both 
abutments  and  the  foundation.  Pervious  borrow  material  for  dam 
construction  was  located  near  the  site;  impervious  material  was  not 
located . 


Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 
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SITE  CP-3327 


On  an  unnamed  stream  about  900  feet  downstream  from  McBride  Road 
in  Wales,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°04'10"  Longitude:  72°15'49" 


Facility 
Farm  buildings 
McBride  Road 
Utility  poles 
Gas  pipeline 


Elevation 

952 

949 

949 

948 


The  right  abutment  is  poorly  graded  sand  and  gravel  outwash.  The 
left  abutment  is  glacial  till  with  outwash  material  at  the  toe. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  15  to 
25  feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  the  right  abutment.  Borrow  material  for  dam  con- 
struction was  located  near  the  site. 


The  right  abutment  is  recommended  for  the  emergency  spillway  loca- 
tion. Waterholding  capabilities  might  be  improved  by  a cutoff 
through  the  right  abutment. 


Location: 


Facilities 
Affected : 


Geologic 
Conditions : 


Engineering 
Notes : 

Public 
Ownership : 


Location : 


Facilities 

Affected: 
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SITE  CP-3328 


On  Vinica  Brook  about  1500  feet  upstream  from  Moulton  Hill 
Road  in  Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°03'50"  Longitude:  72°16'46" 


Facility  Elevation 

Norcross  Wildlife  Pond  #3  846 

Garage  840 

Sanctuary  Museum  840 

House  840 

Norcross  Wildlife  Pond  #2  835 

House  832 

Norcross  Wildlife  Pond  #1  817 

Sanctuary  Road  808 


Both  abutments  are  poorly  graded  sand  and  gravel  outwash  with 
large  boulders.  Depth  to  bedrock  in  the  foundation  is  esti- 
mated to  be  from  20  to  25  feet.  Waterholding  capabilities 
appear  to  be  poor.  Leakage  is  expected  through  both  abutments 
and  the  foundation.  Pervious  borrow  material  for  dam  con- 
struction was  located  near  the  site ; impervious  material  was 
not  located. 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

A large  portion  of  the  site  is  in  the  Tupper  Hill  Wildlife 
Sanctuary . 

SITE  CP-3329 


On  an  unnamed  brook  about  1550  feet  upstream  from  Monson  Road 
in  Wales,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°03'53"  Longitude:  72°15’58" 


Facility 
Gas  pipeline 
McBride  Road 
Utility  poles 


Elevation 

947 

942 

942 


Geologic 
Conditions : 

I 

I 

Engineering 
Notes : 

Public 
Ownership : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 

Public 
Ownership : 
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SITE  CP-3329  (continued) 


Both  abutments  are  glacial  till.  There  are  granite  gneiss  out- 
crops high  on  the  right  abutment.  Depth  to  bedrock  in  the  founda- 
tion is  estimated  to  be  from  15  to  25  feet.  Waterholding  capa- 
bilities appear  to  be  good.  Borrow  material  for  dam  construction 
was  located  near  the  site. 


The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

About  257,  of  the  drainage  area  is  in  the  Brimfield  State  Forest. 


SITE  CP- 3330 


On  Vinica  Brook  about  3750  feet  upstream  from  Moulton  Hill  Road 
in  Wales,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°03’36"  Longitude:  72°16'33" 


Facility  Elevation 

Norcross  Wildlife  Pond  #3  846 

Garage  840 

Sanctuary  Museum  840 

House  840 

Norcross  Wildlife  Pond  #2  835 

House  832 

Norcross  Wildlife  Pond  #1  817 

Tupper  Hill  Sanctuary  Road  808 


Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock  in 
the  foundation  is  estimated  to  be  from  10  to  20  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through  both 
abutments.  Pervious  borrow  material  for  dam  construction  was 
located  near  the  site;  impervious  material  was  not  located. 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  required  at  this  site. 

The  site  is  in  the  Tupper  Hill  Wildlife  Sanctuary  and  the  northern 
tip  of  the  drainage  area  is  in  the  Brimfield  State  Forest. 
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SITE  CP-3331 

Location: 

On  Vinica  Brook  about  1200  feet  upstream  from  the  Monson-Wales 
town  line  in  Wales,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°03'23"  Longitude:  72°16'07" 

Facilities 
Affected : 

Facility  Elevation 

Sanctuary  Museum  850 

All  facilities  affected  by 
Site  CP-3330 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  outwash  sand  and  gravel.  Bed- 
rock outcrops  on  the  left  side  of  the  valley.  Waterholding  capa- 
bilities appear  to  be  poor.  Leakage  is  expected  through  both 
abutments  and  the  foundation.  Pervious  borrow  material  for  dam 
construction  was  located  near  the  site;  impervious  material  was 
not  located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  needed  at  this  site. 

Public 
Ownership : 

The  site  is  in  the  Tupper  Hill  Wildlife  Sanctuary  and  the  northern 
tip  of  the  drainage  area  is  in  the  Brimfield  State  Forest. 

SITE  CP-3332 

Location: 

On  Vinica  Brook  about  300  feet  downstream  from  Vinica  Pond  in 
Wales,  Mass. 

Wales,  Mass.  USGS  quadrangle 

Latitude:  42°02'55"  Longitude:  72°14'53" 

Facilities 
Affected : 

None  below  elevation  995. 

Geologic 
Conditions : 

The  right  abutment  is  poorly  graded  outwash  sand  and  gravel.  The 
left  abutment  is  glacial  till.  Depth  to  bedrock  in  the  foundation 
is  estimated  to  be  from  10  to  20  feet.  Waterholding  capabilities 
appear  to  be  fair.  Leakage  is  expected  through  the  right  abutment, 
Borrow  material  for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway  loca- 
tion. Waterholding  capabilities  might  be  improved  by  a cutoff 
through  the  sand  and  gravel  in  the  right  abutment. 
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SITE  CP-3333 

Location: 

On  Vinica  Brook  about  2000  feet  upstream  from  Tupper  Hill 
Wildlife  Sanctuary  Pond  #3  in  Wales,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42o02'37n  Longitude:  72°15'17M 

Facilities 

Affected: 

None  below  elevation  970. 

Geologic 
Conditions : 

The  right  abutment  is  glacial  till.  The  left  abutment  is 
glacial  till  at  lower  elevations  and  granite  gneiss  at  higher 
elevations.  Depth  to  bedrock  in  the  foundation  is  estimated 
to  be  from  10  to  15  feet.  Waterholding  capabilities  appear  to 
be  good.  Borrow  material  for  dam  construction  was  located  near 
the  site. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

Public 
Ownership : 

The  entire  site  is  within  the  Tupper  Hill  Wildlife  Sanctuary. 
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SITE  CP-3319  (Dean  Pond) 


Location : 


Surface 

Elevation 

665 


On  Foskett  Mill  Stream  about  900  feet  downstream  of 
the  Monson-Br imf ield  town  line  in  Brimfield,  Mass. 


Monson,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

10 


Height  of 
Dam  (Ft . ) 
20 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
900  1.4 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Please  refer  to  Site  Data  and  Design  Summary  Table  for 
Potential  Site  CP-3319  for  details. 


The  dam  is  a 50  foot  long  earth-fill  structure  with  an 
8 foot  top  width.  The  spillway  is  a 15  foot  wide  stone 
masonry  structure.  The  outlet  channel  is  a series  of 
5 masonry  steps. 

The  site  is  owned  by  the  Massachusetts  Department  of 
Natural  Resources  and  is  used  primarily  for  recreation. 


] 

] 

] 

1 
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SITE  CP-3334  (Palmer  Reservoir) 


Location: 


Surface 

Elevation 

523 


On  an  unnamed  brook  about  1100  feet  east  of 
Breckenridge  Street  in  Palmer,  Mass. 


Palmer,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres ) 

10 


Height  of 
Dam  (Ft . ) 
15 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
300  0.5 


Potential 

for 

Expansion : 
Remarks : 


Ownership 
and 
Use : 


Size  of  the  pool  could  be  at  least  doubled  asna  pumped 
storage  water  supply  reservoir.  The  small  drainage  area 
limits  expansion  as  a normal  stream  reservoir. 

The  dam  is  a 300  foot  long  earth-fill  structure  with  a 
24  foot  top  width.  A 10  foot  wide  chute  spillway  is 
located  on  the  right  abutment. 

The  site  is  owned  by  the  Town  of  Palmer  and  is  used  as 
a water  supply . reservoir . 


SITE  CP-3335  (American  Standard  Dam) 


Location: 


Surface 

Elevation 


On  Chicopee  Brook  near  the  American  Standard  Industries 
building  in  Monson,  Mass. 


Monson,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

15 


Height  of 
Dam  (Ft . ) 
15 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
13,700  21.4 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Limited;  an  industrial  complex  surrounds  the  dam. 


The  dam  is  a concrete  weir  with  the  downstream  slope 
acting  as  a chute.  A gated  outlet  is  located  at  the  left 
end  of  the  dam.  The  concrete  is  spalling  at  the  crest  of 
the  weir  and  downstream  edge  of  the  chute.  There  are 
cracks  in  the  concrete  of  the  chute. 

The  site  is  owned  by  the  American  Standard  Corporation 
and  is  used  for  industrial  purposes. 

■sV-jVVfVcVoV-jVVfVf-jVVf’sWnVVc'jWcVfVcVnV-jVVcVcVcVrVcVcVf-jVVfVo'oVVoVVcVcVoVVf'jVVnVVc-'sV***** 
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Location  : 


Surface 

Elevation 

701 


Potential 

for 

Expansion: 
Remarks : 


SITE  CP-3336 
(Paradise  Lake) 


On  an  unnamed  tributary  of  Chicopee  Brook  at 
Paradise  Lake  Road  in  Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

20 


Height  of 
Dam  (Ft . ) 
4 


Drainage  Area 
(Acres)  (Sq.  Mi, ) 
200  0.3 


Limited;  a residential  area  surrounds  the  lake.  The 
small  drainage  area  also  limits  the  potential  for 
expansion. 


The  dam  is  a stone  masonry  structure  with  a drop 
inlet  chute  spillway.  The  spillway  weir  is  4 feet 
long  and  the  chute  outlet  channel  is  2 feet  wide.  The 
outlet  channel  is  clogged  with  heavy  brush.  The  con- 
crete is  spalling,  crumbling,  and  the  dam  is  leaking. 


The  site  is  owned  by  Clare  E.  Easton  and  is  used 
primarily  for  recreation. 


Ownership 

and 

Use: 
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SITE  CP-3337 

(Conant  Brook  Reservoir) 


Location: 


Surface 
Elevation 
flood  pool 
757 


On  Conant  Brook  near  Wales  Road  in  Monson,  Mass. 
Monson,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 
flood  pool 
141 


Height  of 
Dam  (Ft.) 
83 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
5050  7.9 


Potential  Steep  topography  limits  any  significant  increase  in 

for  surface  area. 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


The  dam  is  a 1000  foot  long  earth-fill  structure  with 
a 16  foot  top  width.  Both  slopes  are  riprapped.  The 
principal  spillway  is  a gate  control  structure.  The 
emergency  spillway  is  a concrete  ogee  weir  located  on 
the  left  abutment.  The  flood  pool  has  a capacity  of 
3740  acre- feet. 

The  site  is  owned  by  the  U.S.  Army  Corps  of  Engineers 
and  is  used  for  flood  protection. 
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Location: 


Surface 

Elevation 

607 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


SITE  CP-3338 
(Calkins  Pond) 


On  an  unnamed  tributary  to  Chicopee  Brook  near 
Bumstead  Road  in  Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

10 


Height  of 
Dam  (Ft . ) 
8 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
400  0.6 


The  pond  could  be  expanded  to  about  40  acres;  Bogans 
Road  would  be  affected.  The  small  drainage  area  limits 
the  potential  for  expansion. 


The  dam  is  an  earth-fill  structure  with  a 20  foot 
wide  concrete  weir  section  in  the  center.  The 
weir  has  flashboards.  There  is  also  a 12-inch 
pond  drain.  The  dam  is  well  maintained. 


The  site  is  owned  by  Jurczyk,  Inc.  and  is  used 
primarily  for  recreation. 


STUDY  AREA-CH ICCPEE  RIVER  SUB WATERSHED-LOWER  QUABOAG  RIVER 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 

Subwatershed  CP- 34,  Twelvemile  Brook 


This  subwatershed  covers  9300  acres  in  the  Towns  of  Monson,  Palmer  and 
Wilbraham  (Hampden  County). 

Twelvemile  Brook  originates  in  Monson  and  flows  northwesterly  to  the  con- 
fluence with  the  Chicopee  River  in  Wilbraham.  Elevations  range  from  a high 
of  about  980  in  Monson  to  a low  of  about  220  at  the  confluence.  Geology  of 
the  subwatershed  is  characterized  as  granitic  or  gneiss  bedrock  overlain  by 
10  to  30  feet  of  outwash  sand  and  gravel  or  englacial  drift. 

Nine  potential  reservoir  sites  and  one  existing  reservoir  site  were  studied. 


/’{'/VVfVc'Wc/WoVVf/VVf'jV/WcV* 


SITE  CP-3401 


Location:  On  Twelvemile  Brook  about  1500  feet  upstream  from  the  Penn- 

Central  Railroad  in  Wilbraham,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°08'58u  Longitude:  72°24'14M 


Facilities 
Affected : 


Facility  Elevation 

Two  houses,  2 garages,  shed  285 

Two  houses,  2 barns  280 

Five  houses,  2~garages,  3 barns  272 

Overhead  telephone  cable  270 

Two  houses,  garage  260 

Crane  Hill  Road  248 

Utility  poles  248 


Geologic  Both  abutments  are  poorly  graded  sand  and  gravel.  Depth  to 

Conditions:  bedrock  in  the  foundation  is  estimated  to  be  from  20  to  30 

feet.  Waterholding  capabilities  appear  to  be  poor.  Leakage 
is  expected  through  both  abutments  and  the  foundation.  Pervious 
borrow  material  for  dam  construction  was  "located  neat;: the  site; 
impervious  material  was  not  located. 


Engineering  Preliminary  structure  designs  indicate  that  a concrete  emer- 

Notes:  gency  spillway  may  be  needed  at  this  site.  There  is  a breached 

dam  about  100  feet  upstream  from  the  site. 
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Location  : 


Facilities 
Affected : 

Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 
Affected : 

Geologic 
Conditions : 


SITE  CP-3402 

On  Twelvemile  Brook  about  3200  feet  downstream  from  the-Mohson- 
Wilbraham  town  line  in  Wilbraham,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°08’31"  Longitude:  72°23'09" 

None  below  elevation  345. 


The  left  abutment  is  either  glacial  till  or  sand  and  gravel 
glacial  drift.  The  right  abutment  is  poorly  graded  sand  and 
gravel  outwash.  Depth  to  bedrock  in  the  foundation  is  esti- 
mated to  be  from  15  to  20  feet.  Waterholding  capabilities 
appear  to  be  fair.  Leakage  is  expected  through  the  right 
abutment.  Borrow  material  for  dam  construction  was  located 
near  the  site. 


Preliminary  structure  designs  indicate  that  a concrete  emer- 
gency spillway  may  be  needed  at  this  site.  Waterholding 
capabilities  may  be  improved  by  a cutoff  through  the  sand  and 
gravel  on  the  right  abutment. 


SITE  CP-3403 


On  Maxwell  Brook  about  1300  feet  upstream  from  Dickinson  Road 
in  Monson,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°08'42"  Longitude:  72°23'00" 

None  below  elevation  390. 


The  left  abutment  is  poorly  graded  sand  and  gravel  outwash. 

The  right  abutment  is  glacial  till.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  10  to  20  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through 
the  left  abutment.  Pervious  borrow  material  for  dam  construction 
was  located  near  the  site;  impervious  material  was  not  located. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  There  is  an  old  breached  dam  at  the  site. 


Engineering 
Notes : 
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SITE  CP- 3404 

Location: 

On  Maxwell  Brook  about  600  feet  upstream  from  Maxwell  Road  in 
Monson,  Mass.  * 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°08'37"  Longitude:  72°22‘25" 

Facilities 

Affected: 

Facility  Elevation 

Maxwell  Road  435 

Utility  poles  435 

House  and  barn  435 

Geologic 
Conditions : 

The  left  abutment  is  gray  gneiss  bedrock  overlain  by  thin 
discontinuous  glacial  till.  The  right  abutment  is  poorly 
graded  fine  sand  with  boulders  at  the  higher  elevations  and 
swamp  deposits  at  lower  elevations.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  10  to  20  feet.  Waterholding 
capabilities  appear  to  be  fair.  Leakage  is  expected  through 
the  right  abutment.  Pervious  borrow  material  for  dam  con- 
struction was  located  near  the  site;  impervious  material  was 
not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

JcjckJvMeirMrkirkjrkiricIckicHe&'irkjrMcMrMc’kJt'jr^ 

SITE  CP- 3405 

Location: 

On  Thayer  Brook  about  1900  feet  downstream  from  Bennett  Road 
in  Wilbrahiam,  Mass. 

Hampden,  Mass.  USGS  quadrangle 

Latitude:  42°07'22M  Longitude:  72°23'03" 

Facilities 

Affected: 

Facility  Elevation 

House  580 

Bennett  Road  575 

Utility  poles  575 

Geologic 
Conditions : 

The  left  abutment  is  poorly  graded  outwash  sand  and  gravel  at 
lower  elevations  with  glacial  till  at  higher  elevations.  The 
right  abutment  is  poorly  graded  outwash  sand  and  gravel  with 
cobbles  and  boulders.  Depth  to  bedrock  in  the  foundation  is 
estimated  to  be  from  15  to  25  feet.  Waterholding  capabilities 
appear  to  be  poor.  Leakage  is  expected  through  both  abutments 
and  the  foundation.  Borrow  material  for  dam  construction  was 
located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3406 


Location:  # 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 
Affected : 


On  Twelvemile  Brook  about  1900  feet  upstream  from  Silver  Street 
in  Monson,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°07'43"  Longitude:  72°22'04" 

Facility  Elevation 

Reimers  Road  445 

Utility  poles  445 

Freitag  Pond  440 

Both  abutments  are  either  silty  sand  and  gravel  or  poorly 
graded  sand  and  gravel.  Depth  to  bedrock  in  the  foundation  is 
estimated  to  be  from  10  to  20  feet.  Waterholding  capabilities 
appear  to  be  fair.  Pervious  borrow  material  for  dam  construction 
was  located  near  the  site;  impervious  material  was  not  located. 

Preliminary  structure  designs  indicate  that  a concrete  emergency 
spillway  may  be  required  at  this  site.  Waterholding  capabilities 
might  be  improved  by  a cutoff  through  the  gravel  deposit  low  on 
the  right  abutment. 


SITE  CP-3407 


On  Twelvemile  Brook  about  5000  feet  upstream  from  Silver  Street 
in  Monson,  Mass. 

Palmer,  Mass.  USGS  quadrangle 

Latitude:  42°07'30"  Longitude:  72°21'38" 

Facility  Elevation 


House  and  barn 

530 

Garage 

530 

House  and  barn 

525 

Barn 

520 

House  and  garage 

520 

Stebbins  Road 

520 

Reimer  Road 

498 

Utility  poles 

498 

High  tension  towers 

485 

Nieske  Road 

485 

Utility  poles 

485 

Pond 

465 
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Geologic 
Conditions : 


Engineering 
Notes : 


Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3407  (continued) 

The  left  abutment  is  poorly  graded  sand  and  gravel.  The 
right  abutment  is  poorly  graded  sand  and  gravel  outwash. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  15 
to  25  feet.  Waterholding  capabilities  appear  to  be  fair. 
Leakage  is  expected  through  the  right  abutment.  Borrow 
material  for  dam  construction  was  located  near  the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  Waterholding  capabilities  may  be  improved  by  a 
cutoff  through  the  sand  and  gravel  on  the  right  abutment. 


SITE  CP-3408 


On  Twelvemile  Brook  about  3800  feet  upstream  from  Wilbraham 
Road  in  Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°06'04"  Longitude:  72°21'43" 


Facility  Elevation 

House  685 

Hampden  Upper  Road  678 

Utility  poles  678 

Wald  Road  665 

Utility  poles  665 


Both  abutments  are  poorly  graded  sand  and  gravel  outwash.  The 
right  abutment  is  an  esker  deposit.  Depth  to  bedrock  in  the 
foundation  is  estimated  to  be  from  15  to  25  feet.  Waterholding 
capabilities  appear  to  be  poor.  Leakage  is  expected  through 
both  abutments  and  the  foundation.  Pervious  borrow  material 
for  dam  construction  was  located  near  the  site;  impervious 
material  was  not  located. 


The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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Location: 


Facilities 

Affected: 


Geologic 
Conditions : 


Engineering 
Notes : 


SITE  CP-3409 


On  Twelvemile  Brook  about  800  feet  upstream  from  Wood  Hill  Road 
in  Monson,  Mass. 

Monson,  Mass.  USGS  quadrangle 

Latitude:  42°05'55"  Longitude:  72°21'22" 


Facility 

House 

House 

Camp 

Peck  Road 


Elevation 

820 

815 

810 

802 


Both  abutments  are  glacial  till;  probably  shallow  to  granitic 
bedrock.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  10  to  20  feet.  Waterholding  capabilities  appear  to  be 
good.  Borrow  material  for  dam  construction  was  located  near 
the  site. 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  If  the  site  is  developed  to  elevation  815,  a dike 
will  be  required  east  of  the  reservoir. 
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Location: 


Surface 

Elevation 

365 


SITE  CP-3410  (Pulpit  Rock  Pond) 

On  Twelvemile  Brook  about  2800  feet  upstream  of  the 
Monson-Wilbraham  town  line  in  Monson,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

25  15  4250  6.6 


Potential  Limited;  many  houses  line  the  shore.  Steep  topography 

for  limits  any  significant  increase  in  surface  area. 

Expansion : 


Remarks : 


Ownership 
and 
Use : 


The  dam  is  a 75  foot  long  concrete  weir  structure  with 
two  stages.  The  low  stage  is  a 4 foot  wide  by  8 foot 
high  opening  fitted  with  stop  logs.  The  high  stage  is 
the  top  of  the  dam  fitted  with  flashboards.  There  is 
a 3 foot  diameter  gated  outlet  at  about  the  same  eleva- 
tion as  the  low  stage  weir. 

The  site  is  owned  by  Harold  Mayer  and  the  United 
Cooperative  Bank  of  Springfield.  The  site  is  used 
primarily  for  recreation. 
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CHICOPEE  STUDY  AREA 
SITE  DATA  FOR 


Subwatershed  Cp-35,  Chicopee  River 


This  subwatershed  covers  about  32,300  acres  in  the  municipalities  of  Chicopee, 
Ludlow,  Springfield  and  Wilbraham  (Hampden  County)  and  Granby  (Hampshire 
County).  About  sixty  percent  of  the  subwatershed  is  urban.  Westover  Air 
Force  Base  is  located  in  the  subwatershed.  There  is  a U.S.  Geological  Survey 
stream  gaging  station  on  the  Chicopee  River  in  Indian  Orchard. 

The  Chicopee  River  flows  westerly  through  the  subwatershed  to  the  confluence 
with  the  Connecticut  River  in  Chicopee.  The  main  tributary  is  Fuller  Brook 
(Higher  Brook  in  Ludlow)  which  originates  in  Ludlow  and  flows  generally 
southwesterly  to  the  confluence  with  the  Chicopee  River  in  Chicopee.  Eleva- 
tions range  from  a high  of  about  760  in  Granby  to  a low  of  about  50  in 
Chicopee.  Geology  of  the  subwatershed  is  characterized  as  shale  or  sandstone 
bedrock  overlain  by  15  to  90  feet  of  poorly  graded  sand  and  gravel  outwash. 

Nine  potential  reservoir  sites  and  ten  existing  reservoir  sites  were  studied. 
Summary  Data  for  Potential  Upstream  Reservoir  Sites  are  included  for  eight 
sites  that  met  study  criteria. 


SITE  CP-3501 


Location:  On  Harris  Brook  about  4050  feet  upstream  from  Lyon  Street  in 

Ludlow,  Mass. 

Springfield,  Mass.  USGS  quadrangle 
Latitude:  A2°12'51"  Longitude:  72°28'08" 


Facilities  None  below  elevation  310. 
Affected: 


Geologic  Both  abutments  are  poorly  graded  sand  and  gravel  outwash. 

Conditions:  Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  25 

to  30  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments  and  the  foundation. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 


Engineering  The  right  abutment  is  recommended  for  the  emergency  spillway 
Notes:  location. 
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T SITE  CP-3502 

Location: 

On  Harris  Brook  about  500  feet  upstream  from  Lyon  Street  in 
Ludlow,  Mass. 

Ludlow,  Mass,  USGS  quadrangle 

Latitude:  42°12'14"  Longitude:  72028'13" 

Facilities 

Affected: 

Facility  Elevation 

House  and  garage  282 

Light  duty  road  272 

House,  barn,  and  silo  270 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from 
30  to  40  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments  and  the  foundation. 
Pervious  borrow  material  for  dam  construction  was  located 
near  the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway- 
location. 

SITE  CP-3503 

Location: 

On  Harris  Brook  about  3700  feet  upstream  from  Rood  Street  in 
Ludlow,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°11'49"  Longitude:  72°28'13" 

Facilities 

Affected: 

None  below  elevation  260. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  25 
to  30  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments.  Pervious  borrow 
material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

Preliminary  structure  designs  indicate  that  a concrete  emer- 
gency spillway  may  be  needed  at  this  site.  If  the  site  is 
developed  to  elevation  255,  a dike  will  be  required  southeast 
of  the  reservoir. 
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SITE  CP-3504 

Location: 

On  an  unnamed  brook  about  900  feet  upstream  from  Church  Street 
in  Ludlow,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°11'31"  Longitude:  72°28'18" 

Facilities 
Affected : 

Facility  Elevation 

Church  Street  255 

Utility  poles  255 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash. 

Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  30 
to  40  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments  and  the  foundation. 
Pervious  borrow  material  for  dam  construction  was  located  near 
the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

Vc^VVfVcVr*Vr>WoVVfV?*VcVoWoV**VoVVoWr>WfVfV'VfVoVVr/V>V,s!f/'r5Wc/V'>Wr/V/Wr>,',>WoV^V 

SITE  CP-3505 

Location: 

On  Cooley  Brook  about  1200  feet  southeast  of  the  Westover 
Air  Force  Base  boundary  in  Chicopee,  Mass. 

Springfield-North,  Mass.  USGS  quadrangle 

Latitude:  42°U'15"  Longitude:  72°31'43" 

Facilities 

Affected: 

Facility  Elevation 

Chicopee  Country  Club  200 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  to  well  graded  sand  with  some 
gravel.  Depth  to  bedrock  in  the  foundation  is  estimated  to  be 
from  80  to  90  feet.  Waterholding  capabilities  appear  to  be 
poor  to  fair  depending  on  the  gradation  of  the  sand  and  gravel 
in  the  abutments.  Pervious  borrow  material  for  dam  construction 
was  located  near  the  site;  impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3506 


Location: 

On  an  unnamed  stream  at  the  abandoned  railroad  bed  about  800 
feet  northeast  of  Moore  Street  in  Ludlow,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°11"16"  Longitude:  72°24'52" 

Facilities 
Affected : 

None  below  elevation  319. 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  sand  and  gravel  outwash. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  15 
to  25  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments.  Pervious  borrow 
Material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 

SITE  CP-3508 

Location: 

On  Higher  Brook  about  900  feet  upstream  from  the  Ludlow  Gun 
Club  Road  in  Ludlow,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°10'32"  Longitude:  72°27'19" 

Facilities 

Affected: 

Facility  Elevation 

Springfield  Reservoir  Aqueduct  238 

Geologic 
Conditions : 

Both  abutments  are  poorly  graded  outwash  sand  and  gravel. 
Depth  to  bedrock  in  the  foundation  is  estimated  to  be  from  30 
to  35  feet.  Waterholding  capabilities  appear  to  be  poor. 
Leakage  is  expected  through  both  abutments.  Pervious  borrow 
material  for  dam  construction  was  located  near  the  site; 
impervious  material  was  not  located. 

Engineering 
Notes : 

The  right  abutment  is  recommended  for  the  emergency  spillway 
location.  A dike  will  be  required  upstream  on  the  left  abut- 
ment . 
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SITE  CP-3509 

Location: 

On  Fuller  Brook  about  350  feet  upstream  from  Lombard  Road  in 
Chicopee,  Mass. 

Springfield-North,  Mass.  USGS  quadrangle 
Latitude:  42°09'56"  Longitude:  72°32’07" 

Facilities 

Affected: 

Facility  Elevation 

House  and  sheds  165 

Geologic 
Conditions : 

Both  abutments  are  outwash  sand  and  gravel.  Depth  to  bedrock 
in  the  foundation  is  estimated  to  be  from  80  to  90  feet. 
Waterholding  capabilities  appear  to  be  poor.  Leakage  is 
expected  through  both  abutments.  Pervious  borrow  material  for 
dam  construction  was  located  near  the  site;  impervious  material 
was  not  located. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location.  Even  though  the  site  has  poor  waterholding  capa- 
bilities, the  large  drainage  area  may  be  able  to  maintain  a 
small  pool. 

ffVoWaWaVVwWoV^V'WoVVcVoWaVffVoWcvWoWcvWcVcVoWoVVaV 

SITE  CP-3511 

Location: 

On  Spear  Brook  about  1400  feet  upstream  from  South  Mountain 
Road  in  Wilbraham,  Mass. 

Ludlow,  Mass.  USGS  quadrangle 

Latitude:  42°08'32"  Longitude:  72°24'47" 

Facilities 

Affected: 

Facility  Elevation 

South  Mountain  Road  485 

Utility  poles  485 

Geologic 
Conditions : 

Both  abutments  are  glacial  till  underlain  by  gneiss  bedrock. 
Bedrock  is  exposed  high  on  the  right  abutment.  Depth  to  bed- 
rock in  the  foundation  is  estimated  to  be  from  10  to  15  feet. 
Waterholding  capabilities  appear  to  be  good.  Borrow  material 
for  dam  construction  was  located  near  the  site. 

Engineering 
Notes : 

The  left  abutment  is  recommended  for  the  emergency  spillway 
location. 
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SITE  CP-3512  (Harris  Pond) 


Location: 


Surface 

Elevation 

215 

Potential 

for 

Expansion: 
Remarks : 


Ownership 

and 

Use: 


On  Higher  Brook  near  Holyoke  Street  in  Ludlow,  Mass. 


Ludlow,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

15 


Height  of 
Dam  (Ft.) 
4 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
5850  9.1 


Limited;  many  houses  line  the  shore. 


The  dam  is  a 12  foot  long  stone  masonry  structure. 
Concrete  in  the  sidewalls  and  outlet  channel  is 
deteriorated. 

The  site  is  owned  by  the  Town  of  Ludlow  and  Walter 
Rozkuska.  The  site  is  used  primarily  for  recreation. 
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SITE  CP-3513  (Chicopee  Reservoir) 


Location : 


Surface 

Elevation 

167 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  Cooley  Brook  about  2300  feet  upstream  of  the 
Massachusetts  Turnpike  in  Chicopee,  Mass. 

Springfield  North,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

30  40  3050  4.8 

Steep  topograpny  limits  any  significant  increase  in 
surface  area. 


The  dam  is  a 550  foot  long  earth-fill  structure  with 
a 20  foot  top  width.  The  upstream  side  is  faced  with 
concrete.  The  spillway  is  a four-step  concrete  chute 
structure,  about  60  feet  wide.  Concrete  in  the  side- 
walls  and  chute  blocks  is  badly  deteriorated. 

The  site  is  owned  by  the  Massachusetts  Department  of 
Natural  Resources  and  is  primarily  used  for  recreation. 
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SITE  CP-3514 
(Chicopee  Falls  Dam) 


Location:  On  the  Chicopee  River  near  the  Route  141  bridge  in 

Chicopee,  Mass. 

Springfield  North,  Mass.  USGS  quadrangle 


Surface  Surface  Area 

Elevation  (Acres) 

(Elevation  and  area  were  not 
determined  for  river  dams.) 


Height  of 
Dam  (Ft.) 
10 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
457,000  714.1 


Potential 

for 

Expansion: 
Remarks : 


Ownership 

and 

Use: 


Limited;  the  dam  is  located  in  an  industrial  district. 


The  dam  is  a 300  foot  long  concrete  weir  structure 
constructed  on  a rock  terrace  5 feet  above  the  river- 
bed. The  concrete  weir  structure  is  about  5 feet 
high.  The  left  end  of  the  dam  contains  a gate  house 
with  two  4 foot  by  6 foot  concrete  monolithic  outlets. 

The  dam  is  owned  by  the  City  of  Chicopee  and  is  used 
primarily  for  fishing. 


C 

c 

c 

u 

c 
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SITE  CP-3515 

(Indian  Orchard  Manufacturing  Associates  Dam) 


Location:  On  the  Chicopee  River  about  2300  feet  upstream  of 

West  Street  in  the  Indian  Orchard  section  of 
Springfield,  Mass. 


Springfield  North,  Mass.  USGS  quadrangle 


Surface  Surface  Area 

Elevation  (Acres ) 

(Elevation  and  area  were  not 
determined  for  river  dams.) 


Height  of  Drainage  Area 

Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

20  440,700  688.6 


Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


Limited;  the  dam  is  located  in  an  industrial  district. 


The  dam  is  a 600  foot  long  stone  masonry  structure  with 
flashboards.  A gatehouse  controls  flow  to  a canal 
located  on  the  left  abutment.  Brush  is  growing  on  the 
downstream  side  of  the  dam. 

The  dam  is  owned  by  the  Indian  Orchard  Manufacturing 
Associates  and  is  used  for  industrial  purposes. 
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SITE  CP-3516 

(Western  Mass.  Electric  Dam) 


Location: 


On  the  Chicopee  River  near  the  Route  21  bridge  in 
Ludlow,  Mass. 


Ludlow,  Mass.  USGS  quadrangle 


Surface  Surface  Area 

Elevation  (Acres ) 

(Elevation  and  area  were  not 
determined  for  river  dams.) 


Height  of 
Dam  (Ft , ) 
15 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
439,600  686.9 


Potential  Limited;  the  dam  is  located  in  an  industrial  district, 

for 

Expansion: 


Remarks : 


The  dam  is  a 125  foot  long  concrete  dam  with  an  ogee 
weir  section  equipped  with  flashboards. 


Ownership  The  dam  is  owned  by  the  Western  Mass.  Electric  Company 

and  and  is  used  for  power  generation. 

Use : 
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SITE  CP-3517  (Collins  Dam) 


Location: 


On  the  Chicopee  River  near  the  Chapin  Street 
bridge  in  Ludlow,  Mass. 


Ludlow,  Mass.  USGS  quadrangle 


Surface  Surface  Area 

Elevation  (Acres ) 

(Elevation  and  area  were  not 
determined  for  river  dams.) 


Height  of 
Dam  (Ft.) 
7 


Drainage  Area 
(Acres)  (Sq,  Mi.) 
436,100  681.4 


Potential  Limited;  the  dam  is  located  in  an  urban  area, 

for 

Expansion: 


Remarks : 


Ownership 
and 
Use : 


The  dam  is  a 300  foot  long  stone  masonry  structure. 
The  right  200  feet  of  the  dam  is  a weir  section  with 
flashboards.  The  left  100  foot  section  is  about  5 
feet  higher.  A gate  controls  the  flow  of  water  to 
a canal  on  the  left  side  of  the  dam. 

The  dam  is  owned  by  the  Trustees  of  the  Great 
Northern  Trust;  Caretaker  is  the  Wilbraham  Industrial 
Park.  The  primary  use  is  recreation. 
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SITE  CP-3518 
(Mungerville  Dam) 

Location: 

On  the  Chicopee  River  about  2200  feet  upstream 
from  the  Route  116  bridge  in  Chicopee,  Mass. 

Springfield  North,  Mass.  USGS  quadrangle 

Surface 

Elevation 

Surface  Area  Height  of  Drainage  Area 

(Acres)  Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

(Elevation  and  area  were  not  15  459,700  718.3 

determined  for  river  dams.  ) 


Potential 

for 

Expansion: 

Limited;  the  dam  is  located  in  an  industrial  area. 

Remarks : 

The  dam  is  a 325  foot  long  stone  masonry  structure 
with  flashboards.  A gate  house,  located  on  the 
left  side  of  the  dam,  controls  the  flow  into  a canal. 

Ownership 
and 
Use : 

The  dam  is  owned  by  the  Western  Mass.  Electric 
Company  and  is  used  for  power  generation. 
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SITE  CP-3519 
(Szot  Park  Dam) 


Location: 


Surface 

Elevation 

135 

Potential 

for 

Expansion: 
Remarks : 


Ownership 

and 

Use: 


On  Abbey  Brook  near  Front  Street  in  Chicopee,  Mass. 
Springfield  North,  USGS  quadrangle 


Surface  Area 
(Acres) 

5 


Height  of 
Dam  (Ft.) 
30 


Drainage  Area 
(Acres)  (Sq.  Mi.) 
900  1.4 


Limited;  the  pond  is  located  in  an  urban  park. 


The  dam  is  a 350  foot  long  earth-fill  structure  with 
a 14  foot  top  width.  The  principal  spillway  is  a 
concrete  drop  inlet  leading  to  a 6 foot  by  7 foot 
conduit.  The  emergency  spillway  is  a 10  foot  by  9 
foot  concrete  monolithic  conduit.  A 40  foot  long 
concrete  apron  leads  to  the  emergency  spillway. 
Concrete  in  the  apron  is  deteriorated. 

The  site  is  owned  by  the  City  of  Chicopee  and  is 
used  primarily  for  recreation. 
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SITE  CP-3520 

(Van  Horn  Park-Upper  Dam) 


Location: 


Surface 

Elevation 

169 

Potential 

for 

Expansion: 
Remarks : 


Ownership 
and 
Use : 


On  an  unnamed  brook  at  Armory  Street  in 
Springfield,  Mass. 

Springfield  North,  Mass.  USGS  quadrangle 

Surface  Area  Height  of  Drainage  Area 

(Acres ) Dam  (Ft.)  (Acres)  (Sq.  Mi.) 

10  14  200  0.3 

Limited;  the  pond  is  located  in  an  urban  park, 
surrounded  by  housing.  The  small  drainage  area  also 
limits  the  potential  for  expansion. 

The  dam  is  part  of  the  Armory  Street  Highway  embank- 
ment. The  spillway  is  twin  concrete  box  culverts,  6 
feet  high  by  17  feet  wide  with  a concrete  chute  at 
the  outlet.  Heavy  brush  and  trees  are  growing  on  the 
downstream  slope  of  the  dam.  There  is  seepage  through 
the  dam  and  concrete  in  the  chute  sidewalls  is  spalling. 

The  site  is  owned  by  the  City  of  Springfield  and  is 
used  primarily  for  recreation. 
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Location: 


Surface 

Elevation 

161 


Potential 

for 

Expansion: 


Remarks : 


Ownership 

and 

Use: 


SITE  CP-3521 

(Van  Horn  Park- Lower  Dam) 


On  an  unnamed  brook  about  900  feet  upstream  of 
Armory  Street  in  Springfield,  Mass. 

Springfield  South,  Mass.  USGS  quadrangle 


Surface  Area 
(Acres) 

10 


Height  of  Drainage  Area 

Dam  (Ft . ) (Acres)  (Sq.  Mi.) 

10  250  0.4 


Limited;  the  pond  is  located  in  an  urban  park, 
surrounded  by  housing.  The  small  drainage  area 
also  limits  the  potential  for  expansion. 


The  dam  is  an  earth-fill  structure.  The  principal 
spillway  consists  of  a two-stage  concrete  riser 
with  a 6 foot  diameter  conduit.  The  entire  dam 
has  brush  growing  on  it.  The  stilling  basin  on 
the  spillway  outlet  is  filled  with  debris. 


The  site  is  owned  by  the  City  of  Springfield  and 
is  used  primarily  for  recreation. 
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CHICOPEE  RIVER  (CP-35) 

CHICOPEE  STUDY  AREA 

MASSACHUSETTS 

EXISTING  AND  POTENTIAL  RESERVOIR  SITES 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 


I POTENTIAL  SITE  SHOWING 
BENEFICIAL  POOL  FOR 
LARGEST  STRUCTURE 
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Petersham 


Phillipston 
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75 
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46 
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50 
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3231  130 
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APPENDIX 


This  report  is  one  of  a series  dealing  with  reservoir  sites.  Previous 
reports  in  the  series  are: 

1 . Study  of  Possible  Water  Storage  Areas,  Ipswich  River  Watershed, 
January  14,  1965. 

2.  Study  of  Possible  Water  Storage  Sites,  Upper  Hoosic  River  and 
Upper  Housatonic  River,  February  1966. 

3.  A Study  of  Potential  Reservoir  Sites  in  Massachusetts,  Hudson 
River  Basin,  January  1968. 

4.  A Study  of  Potential  Reservoir  Sites,  Housatonic  Study  Area, 
Massachusetts , June  1969. 

5 . Inventory  of  Potential  and  Existing  Reservoir  Sites,  Merrimack 
Study  Area,  Massachusetts,  March  1970. 

6 . Inventory  of  Potential  Reservoir  Sites,  Neponset  Study  Area, 
Massachusetts , October  1970. 

7 . Inventory  of  Potential  and  Existing  Upstream  Reservoir  Sites, 
Thames  Study  Area,  Massachusetts,  January  1971. 

8.  Inventory  of  Potential  and  Existing  Upstream  Reservoir  Sites, 
Parker  and  North  Shore  Study  Area,  Massachusetts,  June  1971. 

9 . Inventory  of  Potential  and  Existing  Upstream  Reservoir  Sites, 
Nashua  Study  Area,  Massachusetts,  March  1972. 

10 .  Inventory  of  Potential  and  Existing  Upstream  Reservoir  Sites, 
Deerfield  Study  Area,  Massachusetts,  November  1972. 


Reservoir  site  studies  are  now  in  progress  for  the  Millers,  Taunton, 
Narragansett  Bay  and  Ipswich  Study  Areas. 

Reports  will  be  prepared  in  future  years  for  the  remainder  of  the  state. 

Basic  data  from  which  this  report  was  prepared  are  on  file  in  the  Soil 
Conservation  Service  Office,  29  Cottage  Street,  Amherst,  Massachusetts  01002. 
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